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UNITED STATES PATENT OFFICE 

22,330 
TURN NO CATOR 

Charles S. Draper, Newton, Mass, assignor to 
Sperry Gyroscope Company, Inc., 
N.Y., a corporation of New York 

Brooklyn, 

Original No. 2,291,612, dated August 4, 1942, Serial 
No. 330,481, April 19, 1940. Application for 
reissue March 15, 1943, Serial No. 479,299 

(Cl. 33-—204) 23 (Elaims. 

This invention relates to two-degree of freedon 
gyroscopes, such as widely employed to indicate 
the rate of turn of the vehicles on which they 
are mounted or, in fact, the rate of angular mo 
tion around any axis, such as rate of roll or rate 
of pitch as well as rate of turn. Such gyroscopes 
have only one pivotal axis besides the axis of Spin 
and it is the principal object of this invention to 
improve the form of bearing employed for this 
axis. The present practice is to provide ball bear 
ings for this axis and to enploy, in addition, coil 
tension springs for opposing the precession of 
the gyro so that the amount of precession from 
the neutral position is approximately propor 
tional to the rate of turn. 
According to my invenition, I propose to replace 

both the tension coil springs and the ball bear 
ings by a new form of pivotal support which per 
forms the function of both the bearings and the 
Splings in a Superior manner, and which is 
cheaper to manufacture and will stand up better 
under vibration and rough usage. According to 
my invention, I provide a precession axis for the 
turn gyroscope by Supporting the horizontal 
trunnions at both ends Solely by Spring means 
which not only pivotally support the gyroscope 
for precession about this axis, but also provide 
the yielding centralizing means for which pur 
pose it was previously necessary to provide sepa. 
rate springs. Applicant's spring means may 
comprise a plurality of relatively stiff, flat springs 
symmetrically arranged around and spaced from 
each trunnion, and anchored at their citel' ends 
to the casing with their inner or free ends con 
nected to said trunnions by radially extending 
members which may also be in the form of flat 
springs of greater flexibility. In addition, with 
my form of spring the amount of precession of 
the gyroscope is more lacarly proportional to the 
rate of turn through large angles. 
A further object achieved by my invention is 

the improvement of the damping means employed 
for rate of turn gyroscopes, by which the damp 
ing means not only strongly damps the precession 
of the gyroscope, but also suppresses vibration of 
the spring-supported rotor bearing frame in any 
direction and acts as a cushion to prevent, vibra 
tions of the support from reaching the gyroscope. 

Referred to the drawings, showing the pre 
ferred form of my invention: 

Fig. 1 is a vertical section through a late of 
turn gyroscope with my improved pivotal sup 
port therefor. 

Fig. 2 is a face view of the same. 
Fig. 3 is a rear elevation of the Sahne. 
Fig. 4 is a diagram showing the deflection of 

the springs caused by precession of the gyro and 
also showing a slightly modified form of the in 
vention. 
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form of damper. 

5 is shown as mounted within a casing . 

Fig. 5 is a vertical section through a modified 
form of rate gyroscope. 

Fig. 6 is a face view of one of the damping 
discS used thereon. 

Fig. 7 is a sectional detail taken approximately 
on line - of Fig. 5 and showing the universal 
coupling between the gyroscope and pointer. 

Fig. 8 is an end elevation showing an improved 
form of damper on the leaf springs. 

Fig. 9 is a similar view showing a still different 

Fig. 10 is a sectional detail taken on line 0--0 of Fig. 9. 
The angular rate gyroscope, shown in Fig. 1 

The 
gyro rotor 2 is shown as air spun, as by means 
of nozzles 3 and 4. The rotor is shown as jour 
naled in normally horizontal ball bearings 5 
Within the rotor bearing ring or frame 6, which 
in turn is journaled on a horizontal axis at right 
angles to the Spin axis. I provide freedom about 
said horizontal axis by supporting the ring 6 by 
means of a plurality of relatively stiff flat springs 
f, , 2, 2’ symmetrically arranged around 
each trunnion 8, 8' and connected to the trun 
nion by radially extending portions 9, 10, which 
may also be in the form of flat springs which, 
however, are much thinner and more flexible 
than the Springs , t , f2, 2’. Springs 9 and 
0 are shown as extending substantially at right 

angles to the Springs , , 2 and 2' and are 
shown as fastened through slots in the trunnions 
8, 8', in which they are tightly clamped at their 
center. At their outer ends, members 9 and 
are tightly clamped to the free ends of the springs 

, , 2, 2', which are shown as bent at an 
angle for this purpose. Metal clamps or clips 4G 
may be used to bind the springs together at this 
point. The outer ends of the springs , 
and 2' are tightly clamped in brackets 3 secured 
to or projecting from the case. Preferably, also, 
these Springs are placed under slight bending 
StreSS SO as to place the springs or tension men 
bers 9 and 0 under tension to support the 
Weight of the gyro assembly against jolts and jars 
in any direction. This is illustrated by showing 
a slight convex bow in the springs , f', 12, 2’, 
which exert the major portion cf the centralizing 
force on the gyroscope. In order to damp out 
up-and-down and lateral vibrations of the sys 
tem, I preferably enclose the springs , , 2, 
2' with sleeves 8 of some suitable. damping 

material Such as an oil soaked sponge, soft felt, 
viscose or the like, which act as effective dampers. 
Damping of the precessional movements of the 
gyroscope may be accomplished by some form of 
dash pot or other liquid damper, such as a bladed 
arm 30' Secured to ring 6 which dips into a small 
liquid container 3 on the interior of casing t. 
The trunnion 8 is also shown as having a 

  





22,830 
Having described my invention, what claim 

and desire to secure by Letters Patent is: 
1. In an angular rate gyroscope, a rotor, a 

bearing frame within which said rotor is mount 
ed for spinning about an axis an outer casing, 
and means for pivotally mounting said frame in 
gaid casing for precession about a second axis, 
including a leaf spring extending in both direc 
tions from said frame and clamping means for 
securing the outer ends of said spring to said 
casing for both pivotally supporting the frame 
and yieldingly opposing the precession of the gy 
roscope in either direction from its normal posi tion. 

2. An angular rate gyroscope as claimed in 
claim 1, in which said spring means includes a 
flat spring clamped at its mid point to said 
frame, bent at a substantial angle at a point 
between said mid point and its ends and clamped 
at both ends to said casing. 

3. An angular rate gyroscope comprising an 
Outer casing, a flat spring member adjacent each 
end of said casing secured at both ends to the 
interior thereof and having the middle portion of 
each extending radially across the casing, and 
a precession trunnion of the gyroscope adjacent 
each end of the casing to which the mid portion 
of said spring is clamped, said spring serving 
both to support said trunnion and provide yield 
ing centralizing means therefor. 

4. An angular rate gyroscope comprising an 
outer casing, a pair of flat spring members ad 
jacent each end of said casing secured at the 
outer ends to the interior thereof, a member 
of each pair being bent substantially at right 
angles at its inner end, and a second or con 
necting member of lesser stiffness secured to 
the adjacent frame of the gyroscope at a mid 
point and at both ends to the inner end of said 
first named pair, said members serving both 
to support said gyroscope about its precession 
axis and to provide yielding centralizing means therefor. 

5. In an angular rate gyroscope, a rotor, a 
bearing frame within which said rotor is mounted 
for spinning about an axis, an outer casing, 
means for pivotally mounting said frame in said 
Casing for precession about a second axis with 
out a bearing, comprising only a plurality of 
Springs extending between said frame and said 
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casing in a plurality of directions for both pivot- . 
ally supporting and guiding the frame and yield 
ingly opposing the precession of the gyroscope 
in either, direction from its normal position, and 
damping means engaging said spring means for 
Suppressing vibrations of the gyroscope. 

6. In an angular rate gyroscope, a rotor, a 
bearing frame within which said rotor is mounted 
for spinning about an axis, an outer casing, 
means for pivotally mounting said frame in Said 
asing for precession about a second axis with 
out a bearing, comprising only a plurality of 
springs extending between said frame and said 
asing in a plurality of directions for both pivot 
ally supporting and guiding the frame and yield 
ngly opposing the precession of the gyroscope 
in either direction from its normal position, and 
iquid damping means acting about the preces 
ion axis for suppressing precession. 
7. An angular rate gyroscope comprising an 

uter casing, a pair of flat spring members ad 
acent each end of said casing seeuired at their 
uter ends to the interior of said casing, a mem 
er ofeach pair being bent substantially at right 
ngles at its inner end, a second flat Spring mem 

5 

3 
ber of lesser stiffness secured to the adjacent 
frame of the gyroscope. at a mid point of said. 
second spring, each end of said second spring 
being secured to an inner end of one of said first 
named pair respectively, said springs serving 
both to support said gyroscope about its preces- . 
sion axis and to provide yielding centralizing 
means therefor, and damping material clamped 
On each spring member to suppress both oscil 
latory and translatory vibrations. 

8. An angular rate gyroscopc comprising an 
outer hollow casing, a flat spring member ad 
jacent each end of said casing secured at both 
ends to the interior of said casing and having 
the middle portion of each extending radially 
across the casing, a precession trunnion of the 
gyroscope adjacent each end of the casing to 
which the mid portions of Said. Springs are re 
spectively clamped, said spring serving both to 
Support said trunnio and provide yielding cen 
tralizing means therefor, and a rotatable indi 
cator pivoted independently of said gyroscope 
and eonnected thereto by multiplying gearing for 
showing the rate of turn. 

9. In an angular rate gyroscope, a rotor, a 
bearing frame within which said rotor is mount 
ed for. spinning about an axis, an outer casing, 
means for pivotally mounting said frame in said 
casing for precession about a second axis without 
a bearing including spring means extending be 
tween said frame and said casing for both piv 
otally supporting the frame and yieldingly oppos 
ing the precession of the gyroscope in either di 
rection from its normal position, a rotatable indi 
cator pivoted independently of said, gyroscope, 
an independently pivoted Shaft, a universal joint 
connected between said Second shaft and Said 
gyroscope and multiplying gearing between said 
shaft and Said pointer. - - 

10. In an angular rate gyroscope, a rotor, a 
bearing frame within which said rotor is mounted 
for Spinning about an axis, an outer casing, and 
means for pivotally mounting said frame in said 
casing for precession about a second axis at an 
angle to Said axis of spin, including a plurality 
of Symmetrically arranged leaf springs extending 
between said frame and said casing for both piv 
otally Supporting the frame and yieldingly op 
posing the precession of the gyroscope in either 
direction from its normal position. 

11. An angular rate gyroscope comprising an 
Outer casing, a plurality of symmetrically ar 
ranged members including flat springs adjacent 
at least one end of Said casing, each member 
being Secured at both ends to the interior of said 
Casing and having its middle portion extending 
radially across the casing, and a precession trun 
inion of Said gyroscope adjacent said end of the 
casing, to which the mid portions of Said men 

G() bers are clamped, said members serving both to . 
support said trunnion and provide yielding cen tralizing means therefor. 

12. In an angular rate gyroscope, a rotor, a 
bearing frame within which said rotor is mounted 
for Spinning about an axis, an outer casing, means 
for pivotally mounting Said frame in said casing. 
for precession about a second axis without a 
bearing, comprising only a plurality of springs 
extending between said frame and said casing in 
different directions for both pivotally supporting 
and guiding the frame and yieldingly opposing 
the precession of the gyroscope in either direc 
tion from its normal position, damping means 

75 for the precessional movements of said frame,   



and damping means for suppressing translatory 
vibrations of Said frame within said casing. 

13. In an angular rate gyroscope, a rotor, a 
bearing frame within which said rotor is mounted 
for spinning about an axis, an outer casing, means 
for pivotally mounting said frame in Said casing 
for precession about a second axis without a bearing, comprising only a plurality of springs 
extending between said frame and said casing 
in different directions for both pivotally support 
ing and guiding the frame and yieldingly oppos 
ing the precession of the. gyroscope ir either di 
rection from its normal position, a disc on said 
frame for turning therewith, and a closely fitting 
liquid container therefor secured to said casing 
whereby the precession is damped and endwise 
displacement suppressed. 

14. In an angular rate gyroscope, a rotor, a 
bearing frame within which said rotor is mounted 
for spinning about an axis, an outer casing, means 
for pivotally mounting said frame in said casing 
for precession about a second axis without a bear ing, comprising a plurality of springs extending 
between said frame and said casing in different 
directions for both pivotally supporting and guid 
ing the frame and yieldingly opposing the preces 

said frame for both pivotally supporting the 
frame and yieldingly opposing the precession of 
the gyroscope in either direction from its normal 
position. 

19. In an angular rate gyroscope, a rotor, a 
bearing frame within which said rotor is mount 
ed for spinning about an axis, an outer casing, 
means for pivotally mounting said frame in Said 
casing for precession about a second axis without 

() a bearing, comprising only, a plurality of springs 
extending between said frame and said casing in 
different directions for both pivotally supporting 
and guiding the frame and yieldingly opposing . 
the precession of the gyroscope in either direc 
tion from its normal position, a disc on said frame 
for turning therewith, a closely fitting liquid 

sion of the gyroscope in either direction from its 
normal position, dam ping means for the preces 
sional movements of Said frame, damping means 
for suppressing translatory vibrations of , said 
frame within said casing, a rotatable indicator 
pivoted independently of said gyroscope in said 
casing, and a universal connection between sald 
indicator and gyroscope. 

15. In an angular rate gyroSCOpe, a rotor, a 
bearing frame within which said rotor is mounted 
for spinning about an axis, an outer casing, and 
means for pivotally mounting said frame in Said 
casing for precession about a second axis, includ 
ing laterally extending trunnions on said frame, 
a leaf spring clamped in each trunnion and ex 
tending radially therefrom and having an outer 
end bent at a substantial angle into said radially 
extending portion to form an elbow portion, and 
means clamping the outer end of each elbow to 
said casing. 

16. In an angular rate gyroscope, a rotor, a 
bearing frame in which said rotor is mounted for 
spinning about an axis, trunnions on said bear 
ing frame, and spring means both for pivotally 
supporting said frame for precession in said cas 
ing and for yieldingly opposing precession includ 
ing a leaf spring clamped in a trunnion and ex 
tending radially therefroin and having its outer 
end bent at a 'substantial angle to form an el 
bow portion, and means clamping the outer end 
of said elbow portion to said casing, whereby 
precession is opposed both by flexing of Said ra 
dial portion of the spring and by bending said el 
bow portion of said leaf spring. 17. An angular rate gyroscope as claimed in 
claim 16 wherein said leaf spring extends radially 
in both directions from said trunnions and has 
both ends bent laterally in opposite directions 
forming two elbows clamped to said casing. 

18. In an angular rate gyroscope, a rotor, a 
, bearing frame within which said rotor is mount 
ed for spinning about an axis, an outer casing, 
and means for pivotally mounting Said frame in 
said casing for precession about a secondi aXis at 

« an angle - to said axis of " Spin, including a plu 
rality of leaf springsplaced symmetrically around 
said precession axis and connected at their outer 
portions to said casing and at the free portions to 
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container therefor secured to said casing, and a . 
viscous liquid filling the lower portion only of 
said container, Whereby precession is damped and 
endwise displacements suppressed and the spill 
ing of the liquid avoided. 

20. An angular rate gyroscope as claimed in 
claim 18, wherein said elbow portion of said leaf 
spring is so clamped to the casing as to place said 
radially extending portion under tension. . 

21. In an angular rate gyroscope, a rotor, a 
bearing frame.within which said rotor is mount 
ed for spinning about an axis, an Outer support, 
means for pivotally mounting said frame in said 
support for precession about a second axis with 
Out a bearing, comprising only Spring means ex 
tending between said frame and said casing on 
each side of said, frame for both pivotally Sup 
porting and guiding the frame and yieldingly 
opposing the precession of the gyroscope in either 
direction from its normal position, and damaping 
means acting about said precession axis for both 
damping the precessional movements of Said 
frame and suppressing relative vibrations of said 
frame and said support. 22. In an angular rate gyroscope, a rotor, a 
bearing frame within which said rotor is mounted 
for spinning about an axis, a support, means for 
pivotally mounting said frame in Said support for 
precession about a second axis without a bearing, 
comprising only spring means extending between 
Said frame and Said casing on opposite sides of 
said frame for both pivotally supporting and 
guiding the frame and yieldingly opposing the 
precession of the gyroscope in either direction 
from its normal position, a disc on said frame for 
turning therewith, and a closely fitting liquid 
container therefor secured to said support, where 
by the precession is damped and endwise dis 
placement suppressed. 

23. In an angular rate gyroscope, a rotor, a 
bearing frame within which said rotor is mount 
ed for spinning about an axis, a support, means 
for pivotally mounting said frame in said sup 
port for precession about a second axis without 
a bearing, comprising only spring means ex 
tending between said frame and said casing on 
opposite sides of said frame for both pivotally 
supporting and guiding the frame and yieldingly 
opposing the precession of the gyroscope in either 
direction from its normal position, a disc on said 
frame for turning therewith, a closely fitting 
liquid container, therefor secured to said casing, 
and a viscous liquid filling the lower portion only 
of said container, whereby precession is damped 
and vibrations absorbed between the frame and 
Support and the spilling of liquid is avoided. 

CHARLES S. DRAPER. 
  


