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The present invention relates generally to aerodynamic 
controls and more particularly to a helix angle sensor 
and roll control means. 
The primary object of this invention is to provide a 

free ?oating, weathercocking vane for attachment to an 
aerodynamic vehicle, in particular a ballistic missile, to 
sense the helix angle or roll rate in relation to speed of 
the missile and, through a simple control system, to apply 
a correcting action by means of aerodynamic roll control 
surfaces to aid in maintaining the missile on course. 
An ancillary object of this invention‘ is to provide a 

helix angle sensor which is used in conjunction with 
velocity indicating means, in order to control the roll rate 
in proportion to the missile velocity for proper stabiliza 
tion of the ballistic trajectory. 
A further object of this invention is to provide a sensor 

for supplying a signal proportional to the rate of roll, 
the signal being compared to a program signal corre 
sponding to the required roll rate and the resultant dif 
ference or error signal being utilized to operate the roll 
control surfaces'and correct any difference. 

Finally, it is an object to provide a helix angle sensor 
and roll control means of the aforementioned character 
which is simple and convenient to assemble and install 
and which will give generally e?icient and accurate results 
over a wide range of operating conditions. 
With these and other objects de?nitely in view, this 

invention consists in the novel construction, combination 
and arrangement of elements and portions, as will be 
hereinafter fully described in the speci?cation, particu 
larly pointed out in the claims, and illustrated in the 
drawing which forms a material part of this disclosure, 
and in which: 
‘FIGURE 1 is a perspective view of a typical ballistic 

missile incorporating the helix angle sensor; 
FIGURE 2 is a block diagram of the simpli?ed control 

system; and . 

FIGURE 3 is a block diagram of a complete control 
system with a velocity sensing means. 

Similar characters of reference indicate similar or 
identical elements and portions throughout the speci?ca 
tion and throughout the views of the drawing. 
The helix angle sensor includes a free ?oating, weather 

cocking vane 10, pivotally mounted on the body of a 
missile 12, so as to be fully exposed to the airstream ?ow 
ing around the missile in ?ight. Any angular disparity 
between the longitudinal axis of the missile along its 
?ight path and the direction of air?ow causes de?ection 
of the vane 10 from its stable or neutral position in which 
the vane chordal axis is parallel to the missile longitudi 
nal axis. Since in stable ballistic ?ight the‘missile is ef 
fectively at zero angle of attack, any deviation of the 
vane 10 must be caused by rolling or rotation of the mis 
sile about its longitudinal axis, the vane thus sensing the 
helical air?ow due to the combination of roll and for 
ward motion. Weathercocking vanes have heretofore 
been used to detect drift, yaw, or similar deviations of 
aircraft, but these are static conditions. In the present 
apparatus, the vane 10 senses a dynamic condition, the 
rate of roll. ‘ 

In actuality, ‘the vane 10 senses the helix angle, which 
is the hypothetical angle of pitch described by the wing 
tip of a rolling aerodynamic vehicle along a ?ight path, 
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the vane in this case representing a short span wing. 
The helix angle is computed as 

where 0' is the helix angle in radians, p is the rolling veloc 
ity in radians/ second, b is the wing span in feet and V is 
the free stream ?ight path velocity in feet/second. From 
this it will be apparent that the helix angle, represented 
by the vane 10 displacement 6v, is constant for a given 
roll rate and velocity, at Zero angle of attack. 
Thus it is clear that the analog voltage output of trans 

ducer 14 varies directly as p and b and inversely as V. 
The output of velocity sensor 24 is an analog voltage 
proportional to forward velocity V. In computer 28, the 
V component from transducer 14 and the V analog volt 
age from velocity sensor 24 are canceled. Mathematical 
ly, this cancellation is accomplished by multiplying 

pb 
57 

by V, dividing both numerator and denominator by V 
to get 

pb 
2 

Electronically, if the two analog voltages are combined 
180 degrees out of phase in computer 23, the output will 
be the difference in magnitudes and equal to 

pb 
T 

Since [2/2 is a constant, the output of computer 28 is 
proportional to the roll rate, p. 

In the stabilization of a ballistic missile, the missile is 
required to roll at a particular rate at a particular speed 
to obtain proper stability. When the velocity of a mis 
sile is known accurately in advance, the required roll rate 
and thus the required vane displacement can be pre 
determined. 
A simple arrangement for controlling a ballistic mis 

sile of known performance is illustrated in FIGURE 2, 
in which the vane 10 is connected to a pick-off or trans 
ducer 14 of suitable type, such as electro-rnechanical, 
electronic or any other well known device capable of pro 
ducing an electrical output signal proportional to the 
angular displacement of said vane. The signal from the 
transducer 14 is fed to a comparator 16, to which is also 
supplied a signal from a program unit 18, the two signals 
being compared and the resultant error signal is applied 
to a servo actuator 20. Rolling of the missile 12 is ac 
complished by aerodynamic roll control surfaces 22 pivot 
ally mounted in suitable positions on the missile frame 
and connected to move in opposition and cause the mis 
sile to roll about its longitudinal axis, the principle being 
well known. The servo actuator 20 may be of any suit 
able type, according to the particular requirements of 
individual missiles, many different units being readily 
available. , 

The program unit 18 is basically a timed mechanism 
which provides a substantially continuous signal rate so 
that, by comparison with the signal representing the actual 
roll rate sensed by vane 10, the necessary corrections can 
be made to adjust the rollrate to that required. Since 
the velocity of a missile varies throughout a ballistic 
trajectory, the rate of roll needed for stable ?ight ‘changes 
also. Thus the program unit 18 provides a signal with 
the necessary variations timed to conform to the changes 
in velocity, which can be accomplished by a magnetic 
tape, variable impedance device or mechanical means. 
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Such programming means are known in the missile art_ 
and the particular type is not considered to be a critical 
part of the present disclosure. Similarly, the compara 
tor 16 can .be of any well known type suited to the par 
ticular signals and output required. > 

In operation, the vane 10 has an angle of displacement 
6v which is translated by transducer 14'into a signal which 
is proportional to av the signal being applied to compara 
tor 16. Simultaneously, the program unit 18 provides 
a'signal c'v required, the comparator 16 summing the two 

’ signals and providing an output signal av error, which is 
applied to the servo actuator 20. The error signal oper 
ates ‘the servo actuator 20 to turn the roll control surfaces 
22 through equal and opposite angles 6,, to change the 
roll rate of the missile. As the roll rate is corrected, the 
excess displacement of vane 10 is reduced and the offset of 
roll'control surfaces 22 is correspondingly decreased un 
til the roll rate conforms to the program. 
For more accurate control, or for missiles whose per 

formance may be subject to variation due to unpredictable 
environment, the more ‘complete system illustrated in 
FIGURE 3 may be used. In this arrangement, the vane 
10 is connected, as before, tova transducer 14 which pro 
vides a displacement signal av. In addition a velocity 
sensor 24 is utilized to measure velocity and is connected 
to a transducer 26, which provides a velocity signal V. 
The velocity sensor 24 may be a total head tube or similar 
device mounted on a nose probe or otherwise suitably 
mounted on the missile to detect airstream velocity. 
Both the displacement and Velocity signals are fed to a 
computer 28, the output of which is a signal 

. . .pb 
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representing the measured roll rate, this signal being ap 
plied to a comparator 30. Also connected to comparator 
30 is a program unit 32 which provides a signal propor 
tional to the required value of . 

. Pb. 

‘ 2. 

throughout the ?ight. The two signals are compared and 
the output of comparator 30 is an error signal which is 
applied to a calibrator 34, in which the error signal is ad 
justed to an amplitude suitable for driving the servo ac 
tuator 20, through. an ampli?er 36, to operate the roll 
control surfaces 22. 
The operation of the system is similar to that previously 

described, except that the instantaneous velocity of the 
missile is taken into account. Since the helix angle is 
dependent on both velocity and roll rate, the program 
unit 32 governs the adjustment of roll rate regardless of 
velocity. This is particularly useful for missiles which 
follow a generally ballistic trajectory but which require 
correction at some point in the trajectory, either by com 
mand signal or an internal program. When the missile 
is rolling at the proper rate relative to velocity, longi 
tudinal stability is optimum and considerable control 
forceris necessary to cause any deviation such as course 
adjustment. By decreasing the roll rate, however, the 
missile loses a certain amount of longitudinal stability 
and may be deviated more easily by simpler and lighter 
control means. Thus the program unit 32 may be uti 
lized to decrease roll rate and- lower stability while a 
change in trajectory is accomplished, and afterwards 
restoring stability by increasing the roll rate to the pre 
determined level. 
The system is applicable as a substitute for rate gyros 

or angular accelerometers, which are more costly and 
complex. The vane 10 is not necessarily limited to the 
position ,on the missile as illustrated in FIGURE 1, but 
can be mounted at any suitable location, dependent on 
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the structure of the missile and internal arrangement of 
equipment. Alternatively, the vane 10 may be incor 
porated into the tip of a stabilizing ?n, or the like. Fur 
ther, while the roll control means is illustrated in the 
form of aerodynamic surfaces, it will be evident that re 
action means such as steering or vernier rockets could 
be utilized, with suitable connection to the servo, actuator. 
The operation of this invention will be clearly compre 

hended from a consideration of the foregoing description 
of the mechanical details thereof, taken in connection 
with the drawing and the above recited objects. 
be obvious that all said objects are amply achieved by 
this invention. 

It is understood that minor variation from the form of 
the invention disclosed herein may be made without de~ 
parture from the spirit and scope of the invention, and 
that the speci?cation and drawing are to be considered 
as merely illustrative rather than limiting. ' 

I claim: 
1. A helix angle sensor and roll control means for use 

in an aerodynamic body, comprising: a freely ?oating, 
weathercocking vane mounted on the body to pivot on 

' an axis substantially radial to the longitudinal axis of 
the body to sense substantially helical air?ow due to ‘rota 
tion and forward motion of the body; pick-01f means con 
nected to said vane and providing a signal proportional 
to the angular de?ection ‘of the vane relative to the longi 
tudinal axis of the body; velocity sensing means mounted 
on the body and providing a signal proportional to the 
longitudinal velocity of the body; computer means com-I 
bining said signals and providing an output signal propor~ 
tional to the roll rate of'said body; a program unit 
adapted to provide a signal proportional to the required 
roll rate of said body, corresponding to velocity, accord 
ing to a predetermined program; a comparator connected 
to said computer and to said program unit to compare 
the signals therefrom and provide an error signal propor 
tional to the difference between the signals; actuating 
means connected to receive and be operated by theerror 
signal from said comparator; and roll control means 
operatively coupled to said actuating means, whereby 
said roll control means is moved in accordance with the 
error signal to nullify ‘deviation of said vane from that 
determined by said program unit. 

2. A helix angle sensor according to claim 1, wherein 
the roll control means comprises'aerody'namic roll control 

_ surfaces pivotallymounted on the body. 
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3. A helix angle sensor and roll control means for use 
in an aerodynamic body, comprising: 
means for sensing the roll rate of said body; 
means for sensing the forward velocity of said'body; 
means connected to said sensing means providing an 

output comparison signal; 
means for storing data proportional to predicted roll 

rate and forward velocity and providing an output‘ 
reference signal; . 

means combining said comparison and reference signals 
and providing an output error signal proportional to 
the difference between said comparison and reference 
signals; and , 

means controlling the roll rate of’ said bodyactuated 
by said error signal, whereby said error signal cor 
rects the roll rate of said body to coincide with the 
predicted roll rate. ' 
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