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apparatus is capable of being driven by the novel 
centrifugally controlled mechanism herein de 
scribed. This mechanism comprises a bell crank 
assembly comprising two levers 6 and 8 joined 
at one end by a pivot 29 and pivotedly connected 
at their fulcrums, 6a, and 8a to the shaft 22 of 
motor M. As shown more clearly in Fig. 1 the 
notor shaft 22 is hollow and has a rod 24 mount 
ed for axial movement within its bore. It is nor 
nally biased to the left, as viewed in Fig. 1, by a 
spring 26 which exerts its force against a piston 
23 on the said end of the rod. The piston 28 and 
its spring 26 operate within an oil-filled cylinder 
39 so that the assembly comprises a dash-pot 
which damps the later described axial movement 
of the rod 24. The cylinder 30 is threaded on, 
or otherwise affixed to, the motor shaft 22 and 
hence rotates therewith. Suitable stops 32 and 
3& within the shaft 22 limit the degree of axial 
movement of the rod 24 with respect to the said 
Shaft. 
The opposite end of the axially movable rod 24 

is connected by a short link 36 to the pivot 20 
which joins the adjacent ends of the two levers 
6 and 8. The free end of one of the leverS, 

i. e. lever 6, is provided With a bearing in the 
form of a stud-shaft or pin 38 which is slide 
ably splined for axial movement in the bifur 
cated end of the tiltable driven shaft & which 
is supported by the gimbal 2 upon which the an 
tenna, A is mounted. The free end of the other 
lever is provided, in accordance with the inven 
tion, with a counterweight 40. 
The center of gravity of the nutating system 

controlled by the counterweight 48) is at the point 
T on the side of the axis of rotation (ac-ac) which 
is opposite to the counterweight 40. În Order to 
fix this center of gravity at the indicated point 
the rotatable nutating shaft 4 is Weighted as in 
dicated at 4a, on the side opposite the counter 
weight 40. 
The operation of the apparatus of the inven 

tion is as follows: When the motor M is driven 
at its higher speed (e.g. 1800 R. P. M.) the sum 
of the moments of the counterweight 4 about 
the fulcrum 8a of the lever 8 and the moment 
of the nutating mass about the fulcruin 6d. 
of the other lever 6, exerts a force at the central 
pivot 29 which is greater than the biasing force 
of the spring 26 acting on the piston 28. Hence, 
the piston rod 2 moves to the right, as ShoWn 
in Fig. 1, to a position whereat its axial move 
ment is arrested by the stop 32. This axial move 
ment of the rod 23 is applied by the link 36 
to the lever 6 so that the said lever pivots coun 
terclockwise on its fulcrun 6d. Thus the stub 
shaft or pin 38 on the outer end of this lever 
6 applies a tilting force to the driven shaft 4 
and the said shaft exhibits a slight (say, 1 de 
gree) nutant or nodding movement, about the 
point P. As previously set forth, this change in 
the orientation of the axis of the driven shaft 4 
With respect to the fixed axis of rotation of the 
driving shaft 22 is transmitted by the gimbaled 
support 2 to the antenna. A which thus exhibits 
the same small angular degree of nutation about 
point P, as the said shaft 4. 

In Order to increase the angle of nutation of the 
driven shaft 4 (and hence to increase the diame 
ter of the cone traced in space by the antenna, 
A) it is merely necessary to operate the motor 
M. at its second or lower speed, in this case 900 
R. P. M. When the speed of the motor is thus 
reduced the force of the spring 26 is greater than 
the centrifugal force exerted by the counter 

: 

5 

20 

25 

4) 

60 

70 

75 

4. 
Weight 40 and the nutating mass 4 and A, hence 
the rod 24 is pulled against the right hand stop 
34. As shown in Fig. 2 this movement of the 
rod 24 to the left pulls the pivot 20 in the same 
direction and imparts a clockwise movement to 
the bell crank 6 and the desired additional de 
gree of tilt to the driven shaft 4. It may be 
pointed out that the system stays in dynamic 
balance at both speeds, and during the change 
over, since the center of gravity T and the coun 
terweight 40 move in the same direction with re 
spect to the axis of rotation of the driving shaft 
22. 
When it is necessary or expedient to change 

the angle of precession, continuously, between the 
small angle of Fig. 1 and the large angle of Fig. 2, 
suitable means may be provided for changing 
the speed of the motor M. Thus, as indicated 
in Fig. 3, the speed of the motor may be con 
trolled by a switch 42 under the control of a 
cam 44 which is driven by pinion 46 on the mo 
tor shaft 22 through a driven gear 48 on the 
cam shaft 59. Here the counterweight 40 oper 
ates, as before, to nutate the driven shaft 4 
at a small angle at the higher motor speed and 
at the larger angle, at the lower speed. Hence, 
When the speed of the motor is changed, peri 
odically, the free end of the antenna, will describe 
a spiral, between the Said angles, in space. 

It Will now be apparent that the present, inven 
tion provides a reliable yet simple centrifugal 
means for nutating an antenna, or other rod like 
structure, Selectively, at a small angle, a large 
angle, or a Spiral between the two angles. 
What is claimed is: 
1. In apparatus of the character described, a 

driving shaft mounted for rotation about a fixed 
axis, a driven member mounted to permit of nu 
tation about a point substantially in register 
With Said axis, means connecting said shaft and 
Said member in driving relation, and centrifugal 
means responsive to the speed of rotation of 
said driving shaft for controlling the angle of 
nutation of Said driven member. 

2. The invention as set forth in claim i and 
wherein said driven member comprises a rotat 
able shaft. 

3. The invention as set forth in claim 1 where 
in Said driven member comprises a rod-like an 
tenna, and wherein said connecting means be 
tween Said driving shaft and said antenna, in 
cludes a nutant driven shaft. 

4. In apparatus of the character described, a 
diri Wing Shaft mounted for rotation at different 
speeds about a fixed axis, a driven shaft having 
an axis of rotation and inlounted to permit of 
changes in the orientation of its said axis with 
respect to Said fixed axis, means connecting said 
shafts for rotation about their respective axes, 
and centrifugal means responsive to said differ 
ent speeds of said driving shaft for changing the 
orientation of said axis of Said driven shaft with 
respect to said fixed axis. 

5. The invention as set forth in claim 4 includ 
ing means for periodically changing the speed of 
rotation of said driving shaft, whereby the axis 
of Said driven shaft generates a cone of preces 
Sion in changing its orientation with respect to 
said fixed axis. - 

6. In apparatus of the character described, a 
hollow rotative driving shaft containing a rod 
like member mounted for axial movement there 
in, a plurality of bell-cranks pivotedly connected 
each at one end to one end of said axially mov 
able rod and each at its fulcrum to said driving 
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shaft, a driven shaft supported at one end for nu- REFERENCES C TED 
tation and Connected at its opposite end in torque 
transfer relation with respect to said driving n??? ???erences are of record in the 
shaft through one of said bell-cranks, and a · 
counterweight carried by the other of said bell- is UNITED STATES PATENTS 
cranks and responsive to rotation of Said driv- Number Name Date 
ing shaft for moving said rod-like member ax- 2,407.275 HayS Sept. 10, 1946 
ially whereby to apply a nutating force to said 24030 Lundy et alSSS LS S S SSS S S S Sept 16, 1946 
driven shaft through the other of said bell cranks. 2,408.825 Varian et al. ------ õct. 8, 1946 

7. The invention as set forth in claim 6 and 10 2405183 Beck s m am as su a - n.Oct, 15. 946 
wherein the center of gravity of said driven shaft 2.410327 Langstroth et al. ??? Now 12, 1946 
is diametrically opposite said counterweight. 343.63 Rice ?????????????????? De c ? 1946 

2,415,680 Hoyt -------------- Feb. 11, 1947 
JOSEPH. I. HERZLINGER, 2,419,556 F"eldman ---------? ?------- Apr. 29, 1947 


