
United States Patent (19. 
Cage et al. 

11) E 

45 Reissued Date of Patent: 

USOORE34006E 

Patent Number: Re. 34,006 
Jul. 28, 1992 

54 ANGULAR RATE SENSOR 
76 Inventors: Donald R. Cage, 6 Placer Ave.; 

Michael J. Zolock, 1425 Missouri 
Ave., both of Longmont, Colo. 
80501 

21 Appl. No.: 640,264 
22 Filed: Jan. 11, 1991 

Related U.S. Patent Documents 

Reissue of: 
64) Patent No.: 

Issued: 
Appl. No.: 55,643 
Filed: May 29, 1987 

51) Int. Cl................................................. GO1P 9/04 
52) U.S. C. ...................................................... 73/.505 
58) Field of Search .......................................... 73/.505 
(56) References Cited 

U.S. PATENT DOCUMENTS 

Re. 22,409 12/1943 Lyman .................................. 73/.505 
Re. 32,931 5/1989 Staudte . 
2,544,646 3/1951 Barnaby et al. . 
2,974,530 3/1961 Jaouen .................................. 73/.505 
3,127,775 4/1964 Hansen et al. ........................ 73/.505 
3,504,554 4/1970 Taylor . 
3,789,673 2/1974 Berlin et al. .......................... 73/.505 

4,802,364 
Feb. 7, 1989 

3,839,915 10/1974 Schlitt. 
3,903,747 9/1975 Johnson ................................ 73/.505 
4,019,391 4/1977 Ljung. 
4,264,838 4/1981 Jacobson . 
4,267,731 5/1981 Jacobson ............................... 73/.505 
4,524,619 6/1985 Staudte. 
4,538,461 9/1985 Juptner et al. . 
4,654,663 3/1987 Alsenz et al. ......................... 73/.505 
4,671, 12 6/1987 Kimura et al. ........................ 73/.505 
4,674,331 6/1987 Watson . 
4,759,220 7/1988 Burdess et al. . 
4,884,446 12/1989 Ljung. 
4,899,587 2/1990 Staudte. 

Primary Examiner-John E. Chapman 
Attorney, Agent, or Firm-Dorr, Carson, Sloan & 
Peterson 

(57) ABSTRACT 
An apparatus for measuring rate of turn employing a 
vibrating tuning fork type sensor in which the tynes 
vibrate in a coaxial manner. This arrangement elimi 
nates reaction torques and forces at the base of the 
tuning fork which allows the tynes to freely deflect into 
an elliptical pattern during an input turn rate. Sensors 
are employed which monitor the shape of this elliptical 
pattern, this shape being proportional to angular turn 
rate. 

22 Clains, 3 Drawing Sheets 
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1 

ANGULAR RATE SENSOR 

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

BACKGROUND OF THE INVENTION 

In the art of vibrating type angular rate sensors it is 
known that a vibrating element subjected to an angular 
turn rate about certain axes will experience resultant 
forces and/or deflections which are an indication of the 
magnitude of the input turn rate. 

Several problems associated with the implementation 
of this effect have kept this type of instrument from 
seeing as widespresd use as the spinning rotor type rate 
sensor despite its advantages of simplicity, elimination 
of bearings, cost, and longer life. 
One problem associated with attaining accurate mea 

surements from a vibrating element angular rate sensor 
is that of accurately measuring or controlling the ampli 
tude of vibration. Lyman, in U.S. Pat. No. Re. 22,409, 
teaches that the combination of forced vibration action 
with an applied input turn rate causes resultant forces 
which deflect the vibration pattern to an elliptical path. 
With the length of the major axis of the ellipse held 
constant, the width of the minor axis of the ellipse is a 
function of the input rate of turn. Since the resultant 
forces/deflections are directly related to vibration am 
plitude as well as the input turn rate, amplitude must be 
at least as accurately controlled or "measured' as the 
stated accuracy of the complete system, typically 
within 0.01% or better. 

It is one object of this invention to disclose a means 
by which resultant signals are generated that are di 
rectly related to input turn rate and essentially indepen 
dent of vibration amplitude. This reduces the impor 
tance of amplitude control several orders of magnitude 
to that required by other design parameters such as 
stress levels, vibrational clearances, etc. Typically, 10% 
accuracy is then adequate for these other design param 
eters. 
Another problem associated with vibrating element 

angular rate sensors has been creating a vibrating ele 
ment that can be fixedly attached to a frame "for mount 
ing purposes' without motion or forces in the attach 
ment or the frame interfering with the accuracy of the 
resultant measured signals. Traditionally, the primary 
method of attaining resultant signals from a vibrating 
element has been to simply fixedly attach the element to 
a "rigid frame' and measure the resultant forces/deflec 
tions with respect to the frame either directly or with 
implied respect depending on the type of pickoffs used. 
Since the resultant forces are transmitted directly to the 
frame, error signals can be generated due to motion of 
the frame caused by these applied forces or from exter 
nal sources. 

These error signals are due to the fact that the vibrating 
elements are not balanced for both the driven and reaction 
directions of vibration. A balanced structure precludes 
forces from entering or leaving the system comprising the 
vibrating elements and thereby isolates the vibrating ele 
ments from outside vibration and interference, 
Examples of geometrics of this nature would be the 

traditional tuning fork type (ref. Lyman U.S. Pat. No. 
Re. 22,409), the cantilever beam type (ref Jacobson U.S. 
Pat. No. 4,267,731), the vibrating wire type (ref Johnson 

5 

O 

15 

20 

25 

30 

35 

45 

50 

55 

60 

65 

2 
U.S. Pat. No. 3,903,747), etc. A previous method of 
dealing with the resultant forces without transferring 
them directly to the frame has been to attach a second 
and similar vibrating system to the first vibrating system 
whereby forces/deflections from either the forced vi 
bration action or as a resultant from an input turn rate 
from one system are counter opposed by the other, 
resulting in a "node' to which the frame attachment is 
made. 
This method unnecessarily doubles the complexity of 

the unit thereby increasing cost and unreliability. Also, 
the "node' defined by this method is typically a thin 
plane to which only a tenuous attachment can be made 
resulting in sensitivities in low levels of vibration and 
accelerations about the attachment. 

It is a second object of this invention to disclose a 
means of creating a vibrating element angular rate sen 
sor that can be rigidly attached to a frame "for mount 
ing purposes' without motion or forces in the attach 
ment or the frame causing errors in the resultant mea 
surement signals. 

SUMMARY OF THE INVENTION 

The present invention discloses several embodiments 
of a means for attaining resultant measurement signals 
that are directly related to input angular turn rate yet 
are essentially independent of the amplitude of vibration 
of the vibrating element. 
The present invention also discloses several embodi 

ments of a vibrating element type angular rate sensor 
whose geometries are such that they can be rigidly 
attached to a frame, for mounting purposes, whereby 
motion of the frame and forces, vibrations, etc., trans 
mitted to or from the frame through the attachment 
cause essentially no errors in the resultant measurement 
signals. 

Since the width of the minor axis of the ellipse is 
proportional to the input angular turn rate times the 
amplitude of vibration, the ratio of the width to length, 
"the aspect ratio', of the elliptical pattern is a constant 
for a given input turn rate regardless of the amplitude of 
vibration. 

It can be shown that pickoffs oriented with their 
sensitive axes disposed at angles "both plus and minus' 
between the major and minor axis of the elliptical pat 
tern can generate signals that are phase shifted from 
each other by an amount proportional to the aspect 
ratio of the elliptical pattern. 
Two embodiments are disclosed that describe means 

for attaining measurement signals that are proportional 
to the aspect ratio of this elliptical pattern and therefore 
proportional to the input turn rate independent of the 
amplitude of vibration. 
The vibrating element of the present invention is in 

the form of a tuning fork in that it is composed of two 
mass/spring tynes cantilever mounted from a common 
base. The tynes of the tuning fork are in factor in effect 
coaxial and parallel with the input axis (axis that is sensi 
tive to turn rate) of the assembly. 
Each tyne is constructed so that for a given amplitude 

of vibration in the forced direction they will have essen 
tially identical natural bending frequencies and resultant 
shear and moment forces at their attachment to the 
common base. 

Likewise, orthogonal to the forced direction in the 
resultant force/deflection direction, each tyne is con 
structed to have essentially ident identical natural 
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bending frequencies and at a given amplitude of deflec 
tion essentially equal shear and moment forces at their 
attachment to the common base. The natural bending 
frequency in the forced direction can be designed to be 
different than the natural bending frequency in the re 
Sultant force direction which is 90' from the forced 
vibration direction. 

When these conditions are met, the tynes are said to be 
balanced. 
The area on the common base coaxial with and 

within the area of the tynes of the tuning fork defines a 
node that can be rigidly attached to a frame without 
detrimentally affecting the vibrational characteristics of 
the assembly. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a turn rate sensor 
according to the present invention. 
FIG. 2 is a perspective view of one tyne of the em 

bodiment of FIG. 1. 
FIG. 3 is a perspective view of one tyne of the em 

bodiment of FIG. 1 which opposes the tyne in FIG. 2. 
FIG. 4 is a cross sectional view taken along line B-B 

in FIG. 1 showing the arrangement of sensors. 
FIG. 5 is a perspective view of a turn rate sensor 

according to the present invention using a different tyne 
shape and sensor arrangement than the embodiment of 
FIG. 1. 
FIG. 6 is a cross sectional view along line A-A in 

FIG. 5 showing the arrangement of sensors. 
DETAILED DESCRIPTION OF THE 

INVENTION 

Referring to the drawings, FIGS. 1, 2, 3 and 4 depict 
various views of the preferred embodiment of the turn 
rate sensor. 
In general, the invention is comprised of a tuning fork 

whereby the two tynes of the tuning fork are designed 
and arranged to be cantilever mounted from a common 
base in a coaxial fashion so that the reaction forces 
transmitted to the common base by one tyne from either 
the forced vibration action or as a result of input turn 
rate are directly counter opposed by equal and opposite 
forces from the other tyne. 
For the embodiment of FIG. 1, this coaxial arrange 

ment is accomplished by configuring tyne 5 and tyne 4 
as shown in FIGS. 2 and 3. As shown on FIG 1, tynes 4 
and 5 are substantially U-shaped with the open ends of the 
legs of the tynes being affixed to base 3. 
Tyne 4 lies in the y-z plane and is fixedly attached to 

the common base 3 to so that its longitudinal axis is 
coincident with the z axis of the assembly. 

Similarly, tyne 5 lies in the x-z plane and is fixedly 
attached to common base 3 so that its longitudinal axis 
is coincident with the z axis of the assembly and with 
the longitudinal axis of tyne 4. 
Tynes 4 and 5 are designed so they can freely vibrate 

either in the x or y direction without interferring with 
one another. The design of tyines 4 and 5 is further 
constrained by the requirement that at a given ampli 
tude of vibration in opposition to one another in they 
direction, the reaction forces "both shear and moment' 
from each tyne 4 and 5 onto the common base 3 shall be 
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4. 
both shear and moment, from each tyne 4 and 5 onto the 
common base 3 shall be substantially equal in magni 
tude, opposite in direction, and, due to the coaxial ar 
rangement of the tynes, shall essentially cancel said 
reaction forces out. 

This results in a system that is balanced for both the 
driven and reaction direction of vibration. 
With this arrangement a substantial "node' is created. 

on the common base 3 coaxial with the z axis whereby 
a mounting pedestal 2 can rigidly affix the common base 
3 to a frame 1, for mounting purposes, without affecting 
the vibrational characteristics of the tuning fork. 

In the preferred embodiment of FIG. 1, both the 
common base 3 and tynes 4 and 5 are made of 300 series 
stainless steel and are fixedly attached to each other by 
vacuum furnace brazing. 
Many other materials and means for attachment have 

been successfully utilized or contemplated such as brass, 
aluminum, glass, quartz, piezoelectric ceramics, etc., 
and welding, brazing, etc. 

Referring now to FIGS. 1 and 4, in the preferred 
embodiment, tyines 4 and 5 of the tuning fork are instru 
mented with means for forcing the vibration of the 
tynes in they direction. This is done by attaching forc 
ing magnets 11 and 11" to mounting block 6 on tyne 4 
and forcing coils 8 and 8' to mounting blocks 7 and 7" on 
tyne 5. The coils are electrically excited at a frequency 
that is essentially equal to the natural frequency of vi 
bration in they direction and in a manner so that the net 
resultant force on tynes 4 and 5 is essentially parallel to 
the y axis and directed through the z axis of the assem 
bly. 
Tynes 4 and 5 are further instrumented with sensing 

magnets 10 and 10' on mounting block 6" and sensing 
coils 9 and 9' on mounting blocks 7 and 7". These sen 
sors are so arranged so that their "sensitive axes' are 
disposed at an angle 8 and 8' between the x direction 
and they direction and parallel to the x-y plane. 

In this configuration and defining motion of the mag 
net 10 or 10' toward its associated coil 9 or 9' as generat 
ing positive in phase voltages, relative motion between 
tynes 4 and 5 will have the following result: 
Opposing vibratory motion in the y direction be 

tween tynes 4 and 5 will essentially cause sinusoidal 
voltages to be generated in coils 9 and 9 that are similar 
in magnitude and directly in phase with each other. 

Similarly, opposing vibratory motion in the x direc 
tion between tynes 4 and 5 will cause essentially sinusoi 
dal voltages to be generated that are similar in magni 
tudebut opposite in phase with each other, "180' out of 
phase.' 
When tynes 4 and 5 are forced to vibrate in the y 

direction and the assembly experiences an angular turn 
rate about the z axis, it is known in the art that resultant 
forces will be generated that will cause the vibratory 
pattern of tynes 4 and 5 to be deflected into an elliptical 
shape. 

In the art of vibrating type angular rate sensors it is 
also known that for a constant amplitude of forced 
vibration, the width of the elliptical pattern thus pro 
duced is proportionally related to the angular turn rate. 
Therefore, the ratio of the width to length, "aspect 

substantially equal in magnitude, opposite in direction 
and, due to the coaxial arrangement of the tynes, shall 
essentially cancel said reaction forces out. 

Similarly, at a given amplitude of vibration in opposi 
tion to one another in the x direction the reaction forces, 

65 
ratio', of the elliptical pattern is proportionally related 
to the magnitude of the input angular turn rate indepen 
dent of vibration amplitude. 
This elliptical motion can be described as the sum of 

sinusoidal motion in they direction plus the sinusoidal 



Re. 34,006 
5 

motion in the x direction which is 90° phase shifted from 
the motion in they direction. 

Since the sensing coils 9 and 9 are oriented at an 
angle 6 and 6' between the x and y directions, the volt 
ages generated in these coils due to the elliptical motion 
can be described as follows: 
The velocity in they direction can be described as y 

where 

y=w Cosine wit (1) 

and the velocity in the x direction can be described ask 
where 

i=wW Sine wit (2) 

where 
L=the length of the elliptical motion in they direc 

tion divided by 2 
W=the width of the elliptical motion in the x direc 

tion divided by 2 
w=frequency of the elliptical vibration. 
The resultant signal S1 in sensing coil 9 will be the 

sum of these two velocities times their component val 
ues determined from the angle 6, times a proportionality 
factor 'K" determined from geometric constants of the 
SeSOS, 

s1=KIcy) Sine 0+(i) Cosine 0) (3) 

substituting from equations 1 and 2 

S1 =K (wl Cosine wt) Sine 8-K (wW Sine wt) 
Cosine 8 (4) 

Similarly, the resultant signal S2 in sensing coil 9' will 
be the same as S1 except that since motion in the x 
direction causes out of phase signals in coils 9 and 9' as 
described earlier, the sign of the second term describing 
x direction motion is reversed. 

S2=[K(Gy) Sine 8'+(-i) Cosine 9) (5) 

S2s-K (wl Cosine wt) Sine 6'--K (-wW Sine wt) 
Cosine 6 (6) 

Mathematically, these equations are equivalent to 

Siss C Cosine (wt-d) (7) 

where 
A=(K) will Sine 6 
B=(K) wW Cosine 8 
C=(A2--B2) 
db=arc Tangent (B/A) 
Therefore 

Tangent ch32 dl=W/L Cotangent 6 (8) 

and 

IS2=C-Cosine (wt-8) (9) 

S2=C Cosine (wt-d') (9) 

where 
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Therefore, 

Tangent db's - WML Cotangent d' 8" (10) 

Where W/L is the "aspect ratio' of the ellipse and 
Cotangent 6 and Cotangent 6" are constants for a given 
geometry, the tangent of these phase angles d and d' are 
proportionally related therefore to the aspect ratio of 
the elliptical motion W/L and therefore proportional to 
the angular turn rate independent of the amplitude of 
vibration. 

It can be seen in equations 8 and 10 that the resultant 
phase angles chand d and d' can be drastically af. 
fected by changes in the angles 6 and 6' of the sensitive 
axes of the sensors. These angles can therefore be ad 
justed to enhance desired performance characteristics 
of a particular design. 

It can be seen from the above that signals SI and S2 are 
phase shifted from each other by an amount that is propor 
tional to the angular turn rate of the apparatus comprising 
the disclosed turn rate sensor. 

Signal S1 and S2 are then compared for the determi 
nation of the phase angles d and d'. This can be accom 
plished by a variety of phase detection circuits, methods 
or devices that are commercially available for this pur 
pose. 

Likewise, the tangents of these angles are then deter 
mined and summed. Resultant output signals can be 
generated proportional to this value as an accurate indi 
cation of angular turn rate. Since the tangent of a small 
angle nearly equals the angle itself, the phase angles ch 
and d' once determined, can be used directly as a good 
approximation of turn rate providing the error incurred 
by this simplification is of an acceptable magnitude for 
a particular design. 
FIG. 5 depicts another embodiment of the present 

invention. As with the embodiment of FIG. 1, FIG. 5 
utilizes axially concentric tynes 44 and 45 cantilever 
mounted from a common base 43. 
The design of tynes 44 and 45 is constrained by the 

requirement that at a given amplitude of vibration in 
opposition to one another in they direction, the resul 
tant forces, both shear and moment, from each tyne 44 
and 45 onto the common base 43, shall be substantially 
equal in magnitude, opposite in direction, and due to the 
coaxial arrangement, shall essentially cancel each other 
Olt. 

Similarly, at a given amplitude of vibration in opposi 
tion to one another in the x direction, the resultant 
forces, both shear and moment, from each tyne 44 and 
45 onto other common base 43 shall be substantially 
equal in magnitude, opposite in direction and, due to the 
coaxial arrangement, shall essentially cancel each other 
Out. 
As with the embodiment of FIG. 1 with this arrange 

ment a substantial "node' is created on the common 
base 43 whereby a mounting pedestal 42 can rigidly 
affix the common base 43 to a frame 41 for mounting 
purposes without affecting the vibrational characteris 

60 tics of the tuning fork. 

65 

Referring now to FIGS. 5 and 6, tyne 44 is instru 
mented with two magnets 54 and 55. Tyne 45 is instru 
mented with corresponding coils. 

Coil 48 is disposed in the magnetic field at one end of 
magnet 55 and is used for forcing the tuning fork vibra 
tion in they direction. Coils 52 and 52' are bifilar 
would wound together and disposed in the magnetic 

field at the other end of magnet 55. These coils 52 and 
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52' are sensors for detecting only they direction compo 
nent of the relative velocity of the two tynes 44 and 45. 

Coils 52 and 52' are bifilar would wound together 
so their signals S3 and S4 are substantially equal in 
magnitude and phase. Since signals S3 and S4 are stated 
to be substantially equal in magnitude and phase, the 
information represented by signal S3 is obviously identical 
to the information represented by signal S4. 
Tyne 45 is further instrumented with x direction sens 

ing coils 53 and 53' which are disposed in the magnetic 
field at either end of magnet 54 in such a manner that 
their signals S5 and S6 represent only the x direction 
component of the relative velocity of the two tynes 44 
and 45. 

Signal S5 is added to signal S3 to create a resultant 
signal S3--S5 proportionally related to the sum of y 
plus x direction relative velocities between tynes 44 and 
45. Similarly, signal S4 is added to signal S6 to create a 
resultant signal S4-S6 which is proportionally related 
to the difference of they minus the x direction relative 
velocities between tynes 44 and 45. 
These resultant signals S3--S5 and S4--S6 are analo 

gous to the resultant signals S1 and S2 of the embodi 
ment of FIG. 1. 
The angles 6 and 8' of the sensitive axes of the sensors 

of FIG. 4 do not geometrically exist on the embodiment 
of FIG. 6. However, an effective angle does exist deter 
mined by the sensors relative sensitivity to motion in the 
x versus they direction. 

Signals S3+SS and S4--S6 are then compared for the 
determination of the phase angles db and d'. The tangent 
of db plus the tangent of db' is then determined. Resultant 
output signals can be generated proportional to this 
value as an accurate determination of angular turn rate. 
It follows from equations 8 and 10 and the paragraphs 
subsequent thereto that each of the angles d and d' is, by 
itself proportional to W/L (the aspect ratio of the elliptical 
motion of the vibrating tynes) and therefore proportional to 
the measured rate of turn. 

In the embodiments of FIGS. 1 through 6 the sensors 
described were magnets and coils which generate sig 
nals proportionally related to the relative velocity be 
tween them. It should be understood that the phase 
relationships described herein remain unchanged 
whether position, velocity of or acceleration detec 
tors are utilized. 

Therefore, many alternate types of sensors have been 
successfully tested or contemplated including capaci 
tive plate position sensors, inductive position detectors, 
piezoelectric accelerometers, piezoelectric strain sen 
SOS, etc. 
What is claimed is: 
1. An apparatus for measuring rate of turn, compris 

ling: 
(A) mounting pedestal; 
(B) common base mounted to said mounting pedestal; 
(C) type one substantially fixed to said common base; 
(D) tyne two substantially fixed to said common base 

such that vibration effects with said tyne one are 
virtually cancelled whereas said tyne one and said 
tyne two act as coaxial tynes of a tuning fork 
whereas there is virtually no movement in said 
mounting pedestal; 

(E) drive means associated with said tyne one and 
said tyne two for oscillating said tyne one and aid 
tyne two in opposition to one another as in a tuning 
fork, at a selected frequency in a prescribed direc 
tion; 
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(F) first pickoff means for sensing relative motion of 

said tyne one to said tyne two whereas said first 
pickoff means senses a selected proportion of the 
motion in the driven oscillating direction as well as 
a selected proportion of the resultant force motion 
which is perpendicular to the driven oscillating 
direction; 

(G) second pickoff means for sensing relative motion 
of said tyne one to said tyne two whereas said 
second pickoff means senses a selected proportion 
of the motion in the driven oscillating direction as 
well as a selected proportion of the motion, in the 
resultant force direction which is perpendicular to 
the driven oscillating direction whereas the phase 
of either the said selected proportion of the motion 
in the resultant force direction or of said selected 
proportion of the motion in the driven oscillating 
direction is opposite to the corresponding selected 
proportion of said first pickoff means, for sensing 
any phase difference of said selected frequency 
related to said first pickoff means, whereas said 
phase difference corresponds to a measurement of 
rate of turn of the apparatus. 

2. An apparatus according to claim 1, including de 
tector means for measuring a phase difference between 
output of said first pickoff means and output of said 
second pickoff means at said selected frequency of oscil 
lating said tyne one and said tyne two whereas said 
phase difference corresponds to a measurement of rate 
of turn of the apparatus. 

3. An apparatus according to claim 1 wherein said 
first pickoff means senses essentially the same selected 
proportion of the motion in the driven oscillating direc 
tion as the said second pickoff means as well as essen 
tially the same selected proportion of the motion in the 
force direction as the said second pickoff means, includ 
ing detector means for measuring a phase difference 
between output of said first pickoff means and output of 
said second pickoff means at said selected frequency of 
oscillating said tyne one and said tyne two, whereas the 
tangent of one half the said phase difference corre 
sponds to a measurement of the rate of turn of the said 
apparatus. 

4. An apparatus according to claim 1, wherein said 
first pickoff means is comprised of a first sensing coil 
connected to said tyne one and a first sensing permanent 
magnet connected to said tyne two, said second pickoff 
means is comprised of a second sensing coil connected 
to said tyne one and a second sensing permanent magnet 
connected to said tyne two. 

5. An apparatus for measuring rate of turn, compris 
1ng: 
(A) mounting pedestal; 
(B) common base mounted to said mounting pedestal; 
(C) tyne one substantially fixed to said common base; 
(D) tyne two substantially fixed to said common base 
such that vibration effects with said tyne one are 
virtually cancelled whereas said tyne one and said 
tyne two act as coaxial tynes of a tuning fork 
whereas there is virtually no movement in said 
mounting pedestal; 

(E) drive means associated with said tyne one and 
said tyne two for oscillating said tyne one and said 
tyne two in opposition to one another as in a tuning 
fork, at a selected frequency in a prescribed direc 
tion; 

(F) first pickoff means for sensing relative motion of 
said tyne one to said tyne two whereas said first 
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pickoff means senses motion in the driven oscillat 
ing direction; 

(G) second pickoff means for sensing relative motion 
of said tyne one to said tyne two whereas said 

10 
first pickoff means responsive to said oscillation for sens 

ing relative motion of said vibratile elements with 
respect to each other so that said first pickoff means 
senses a selected proportion of the motion of said ele 

second pickoff means senses a selected proportion 5 ments in said driven direction as well as a selected 
of the motion in the driven oscillating direction as proportion of a resultant motion of said elements in 
well as a selected proportion of the motion in the said reaction direction perpendicular to said driven 
resultant force direction which is perpendicular to direction. 
the said driven oscillating direction for sensing any said first pickoff means being responsive to said sensing 
phase difference of said selected frequency related 10 for generating a first output signal, 
to said first pickoff means, whereas the tangent of second pickoff means responsive to said oscillation for 
said phase difference corresponds to a measure- sensing relative motion of said vibratile elements with 
ment of rate of turn of the apparatus. respect to each other so that said second pickoff means 

6. An apparatus according to claim 5, including de- senses a selected proportion of the motion of said ele 
tector means for measuring a phase difference between 15 ments in said driven direction as well as a selected 

i A.E. E.E...I proportion of the resultant motion C.said elements in 
lating said tyne one and said tyne two whereas the tan- said reaction direction perpendicu lar to said driven direction with the phase of said motions sensed by said 
gent of said phase difference corresponds to a measure- first and second pickoff means in said reaction direc 
"Et turn, comprisis." Elligeriesthetic s said second pickoff means being responsive to said sens 
the steps of 0 - ing for generating a second output signal with said 
(A) it.ting element Stig an element at second output signal being phase shifted from said 

selected frequency with the vibratory pattern o s 
said vibrating element being E. an 25 first Egil by an E. corresponding to the 
elliptical pattern proportionally related to said rate I "E. C.i E. rate of turn 
of turn of said vibrating element; .. 

(B) first pickoff means for sensing with a first pick- comprising 
off s the motion said SEGE a plurality of elongated vibratile elements, 
whereas said first pickoff means senses motion 30 base 

in the a driven oscillating direction; each of said elements being affixed to said base; 
(C) sensing with a second pickoff means for sensing drive means associated with said vibratile elements for 
motion of said vibrating element whereas said sec- oscillating said elements in opposition to one another 
ond pickoff means senses a selected proportion of in a driven direction; a 8 
the notion of said vibrating element in the said 35 said elements being resPosie to said oscillation in said 
driven oscillating direction as well as a selected driven direction to oscillate in a reaction direction by 
proportion portion of the motion of said element an. amount determined by an angular rate of turn of 

in the resultant force a reaction direction which said apparatus. 
is perpendicular to the said driven oscillating said elements being affixed O said base such that vibra 
direction for sensing any phase difference of said 40 tion effects of said oscillation of said elements are 
selected frequency related to said first pickoff; canceled for both said driven direction and said reac 

(D) detector means for measuring a phase differ- O direction of vibration of said elements, and 
ence between an output signal of said first pickoff means responsive to said oscillations for providing an 
means and an output signal of said second pickoff output signal having a phase shift whose magnitude is 
means at said selected frequency of oscillating said 45 indicative of said angular rate of turn of said appara 
vibrating element whereas wherein the tangent S. 
of said phase difference corresponds to a measure- 12. Apparatus for measuring an angular rate of turn 
ment of rate of turn of said vibrating element. . comprising 

8. A The method according to claim 7, wherein a base, 
said the step of vibrating said element is comprised 50 a plurality of elongated vibratile elements, 

of comprises the step of vibrating at least two or more drive means associated with said vibratile elements for 
vibrating tynes vibrating in opposition to each controllably oscillating said elements in a driven di 
other. rection 

9. A The method according to claim 7 wherein the said elements being responsive to said oscillation in said 
step of vibrating said vibrating element is comprised 55 driven direction for oscillating in a reaction direction 
of comprises the step of vibrating a singletyne cantile- by an amount proportional to an angular rate of turn 
ver mounted from a rigid base. of said apparatus, 

10. Apparatus for measuring an angular rate of turn said elements being affixed to said base such that vibra 
comprising tion effects of said oscillation of said elements are 
a plurality of elongated vibratile elements, 60 canceled for both said driven direction and said reac 
drive means associated with said vibratile elements for tion direction of oscillation of said elements, 

controllably oscillating said elements in a driven di- first pickoff means for sensing relative motion of said 
rection elements with respect to each other so that said first 

said elements being responsive to said oscillation in said pickoff means senses a selected proportion of the no 
driven direction for oscillating in a reaction direction 65 tion of said elements in said driven direction as well as 

a selected proportion of the resultant motion of said 
elements in a reaction direction perpendicular to said 
driven direction, 

perpendicular to said driven direction by an amount 
controlled by an angular rate of turn of said appara 
tiS, 
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said first pickoff means being responsive to said oscilla 
tions for generating a first output signal, 

second pickoff means for sensing relative motion of said 
elements with respect to each other so that said second 
pickoff means senses a selected proportion of the mo 
tion of said elements in said driven direction as well as 
a selected proportion of the resultant motion of said 
elements in a said reaction direction perpendicular to 
said driven direction with the phase of said motions 
sensed by said first and second pickoff means in said 
reaction direction being opposite to each other, and 

said second pickoff means being effective upon said 
sensing for generating a second output signal phase 
shifted from said first output signal by an amount 
corresponding to the angular rate of turn of said appa 
rats. 

13. Apparatus for measuring an angular rate of turn 
comprising 
a plurality of elongated vibratile elements, 
drive means associated with said vibratile elements for 

controllably oscillating said elements in a driven di 
rection 

said elements being responsive to said oscillation in said 
driven direction for oscillating in a reaction direction 25 
perpendicular to said driven direction by an amount 
controlled by an angular rate of turn of said appara 
tus, and 

means for generating a plurality of output signals in 
response to said oscillations with said output signals 
being phase shifted from said each other by an 
amount controlled by said angular rate of turn of said 
apparatus, 

14. The apparatus of claim 13 wherein said apparatus 
further comprises a common base, and 

wherein each of said vibratile elements has an end af. 
fixed to said common base so that the vibration effects 
of said oscillations are canceled for said driven and 
reaction directions. 

15. The apparatus of claim 14 wherein said base is af. 
fixed to a mounting pedestal. 

16. The apparatus of claim 13 wherein each of said 
elements comprises an inverted substantially U-shaped 
tyne having an open endportion affixed to a common base. 

17. The apparatus of claim 16 wherein said inverted 
substantially U-shaped tynes share a common elongated 
axis parallel to legs of said inverted substantially U-shaped 
tynes and wherein a first one of said tynes is positioned and 
rotated 90 degrees about said axis from a second one of 
said tynes. 

18. The apparatus of claim 13 wherein said means for 
generating a plurality of output signals comprises 
a first motion detector which senses motion of said vibra 

tile elements in said driven direction and creates a 
first drive component signal 

a second motion detector which senses notion of said 
vibratile elements in said reaction direction and cre 
ates a first reaction component signal 

a summing means, 
wherein said first drive component signal and said first 

reaction component signal are added by said sum 
ming means to generate a first pickoff signal which is 
phase displaced from said first drive component signal 65 
by an amount controlled by said rate of turn. 

19. The apparatus of claim 13 wherein said means for 
generating a plurality of output signals comprises 
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a first motion detector which senses motion of said vibra 

tile elements in said driven direction and creates a 
first drive component signal 

a second motion detector which senses motion of said 
vibratile elements in said reaction direction and cre 
ates a first reaction component signal 

a sunning means, 
wherein said first drive component signal and said first 

reaction component signal are added by said sum 
ming means to generate a first pickoff signal 

a third motion detector which senses motion of said 
vibratile elements in said reaction direction and cre 
ates a second reaction component signal wherein said 
second reaction component signal is in opposite phase 
to said first reaction component signal 

a fourth motion detector which senses motion of said 
vibratile elements in said driven direction to create a 
second drive component signal, 

wherein said second reaction component signal and said. 
second drive component signal are added by said 
summing means to generate a second pickoff signal 
which is phase displaced from said first pickoff signal 
by an amount proportional to said rate of turn of said 
apparatus. 

20. Apparatus for measuring an angular rate of turn 
comprising 
a plurality of elongated vibratile elements, 
drive means associated with said vibratile elements for 

controllably oscillating said elements in a driven di 
rection 

said elements being responsive to said oscillating in said 
driven direction for oscillating in a reaction direction 
perpendicular to said driven direction by an amount 
controlled by an angular rate of turn of said appara 
tus, and 

means for generating an output signal in response to said 
oscillations with said output signal having a phase 
shift controlled by said angular rate of turn of said 
apparatus. 

21. A method for measuring an angular rate of turn of 
apparatus comprising the steps of 

controllably oscillating a plurality of elongated vibratile 
elements in a driven direction 

said elements being responsive to said oscillation in said 
driven direction for oscillating in a reaction direction 
perpendicular to said driven direction by an amount 
controlled by an angular rate of turn of said appara 
tus, and 

generating an output signal in response to said oscilla 
tions with said output signal being phase shifted by an 
amount controlled by said angular rate of turn of said 
apparatus. 

22. A method for measuring an angular rate of turn of 
apparatus comprising the steps of 

mounting a plurality of elongated vibratile elements on a 
base, 

operating drive means associated with said vibratile 
elements for oscillating said elements in opposition to 
one another in a driven direction 

said elements being responsive to said oscillation in said 
driven direction to oscillate in a reaction direction by 
an amount proportional to said angular rate of turn of 
said apparatus, 

said elements being affixed to said base such that the 
vibration effects of said oscillation of said elements are 
canceled for both said driven direction and said reac 
tion direction of vibration of said elements, and 

generating an output signal having a phase shift whose 
magnitude is indicative of said rate of turn, 

k k is x 


