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[571 ABSTRACT 
An electro-optical spin measurement system for a spin 
model in a spin tunnel includes a radio controlled recei- 
ver/transmitter, targets located on the spin model, opti- 
cal receivers mounted around the perimeter of the spin 
tunnel and the base of the spin tunnel for receiving data 
from the targets, and a control system for accumulating 
data from the radio controlled receiver and receivers. 
Six targets are employed. The spin model includes a 
fuselage, wings, nose and tail. Two targets are located 
under the fuselage of the spin model at the nose tip and 
tail, two targets are located on the side of the fuselage at 
the nose tip and tail, and a target is located under each 
wing tip. The targets under the fuselage at the nose tip 
and tail measure spin rate of the spin model, targets on 
the side of the fuselage at the nose tip and tail measure 
angle of attack of the spin model, and the targets under 
the wing tips measure roll angle of the spin model. 
Optical receivers are mounted at 90” increments around 
the periphery of the spin tunnel to determine angle of 
attack and roll angle measurements of the spin model 
and optical receivers are mounted at the base of the spin 
tunnel to define quadrant and position of the spin model 
and to determine the spin rate of the spin model. 

8 Claims, 3 Drawing Sheets 
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ELECl’RO-OPTICAL SPIN MEASUREMENT 
SYSTEM 

ORIGIN OF THE INVENTION 
The invention described herein was made in the per- 

formance of work under a NASA Contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, as amended, Public 
Law 85-568 (72 Stat. 435; 42 USC 2457). 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is cross-referenced to U.S. Ser. No. 
07/251,438, filed Sept. 30, 1988, now U.S. Pat. No. 
4,896,533, to Robert Fodale et al., and entitled “ M a -  
turization of Flight Deflection Measurement System”. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention is directed to an electro-optical 

spin measurement system which tracks a model, such as 
a model aircraft, in order to determine spin rate, angle 
of attack, and roll angle of the model within the con- 
fines of a vertical spin tunnel. A model used in this 
system is hereinafter referred to as a “spin model”. 

2. Description of the Related Art 
Various measurement systems for determining atti- 

tude, position, alignment, etc., of weapon systems or 
tracking devices have been developed. The most recent 
systems employ photodetectors and light emitting di- 
odes. 

Prior art flight deflection measurement systems em- 
ploy strain gauges, accelerometers, or cinematogra- 
phic/videographic techniques. All of these techniques 35 
have various drawbacks such as low, non-repeatable 
strain levels, are not suitable for steady state or low 
frequency wing deflections, or have poor resolution and 
low accuracy, respectively. Therefore, an electro-opti- 
cal wing deflection measurement system was developed 40 
(see Flight Deflection Measurement System (Non-Con- 
?acting), Hampton et a1 AIAA Proceedings, Colorado ’ 
Springs, Co., (Mar. 17, 1980). The system includes a 
receiver, control unit, target drivers, targets, ground 
display units, and a power supply. The receiver em- 45 
ploys a cylindrical lens configuration to image each 
target as a line (see U.S. Pat. No. 4,136,568 to Seymour). 
The system is employed to measure the deflection and 
bending moment of a wing under various conditions. 

SUMMARY OF THE INVENTION 50 

An object of the present invention is to accurately 
track a spin model in all six degrees of freedom. 

Another object of the present invention is to accu- 
rately track a spin model and preserve the model’s abil- 55 
ity to spin freely within a spin tunnel. 

A further object of the present invention is to accu- 
rately track a spin model so as to obtain more accurate 
test results than prior art systems. 

a lower cost system for tracking a spin model than that 
of prior art devices. 

A further object of the present invention is to provide 
a spin measurement system which obtains data faster 
than prior art systems. 65 

The above-mentioned objects of the present inven- 
tion are obtained by providing an electro-optical spin 
measurement system which includes a radio controlled 

Another object of the present invention is to provide 60 

2 
receiver/transmitter system (see cross-referenced appli- 
cation having U.S. Ser. No. 07/251,438, filed Sept. 30, 
1988, Robert Fodale et al., entitled “Miniaturization of 
Flight Deflection Measurement System”), target means 

5 located on the spin model, optical receiver means 
mounted around the perimeter of the spin tunnel and 
mounted at the base of the spin tunnel for defining the 
position of the spin model, and control means for trans- 
mitting signals to the radio controlled, receiver/ trans- 

10 mitter means and accumulating data from the optical 
receiver means. 

The spin model includes a fuselage, wings, tail and 
nose. Six target means are employed: two target means 
are located under the fuselage at the nose tip and tail of 

l5 the spin model, two target means are located at the side 
of the fuselage at the nose tip and tail of the spin model, 
and a target means is located at the tip of each wing. 
The two target means under the fuselage at the nose tip 
and tail measure spin rate, the two target means at the 

2o side of the fuselage at the nose tip and tail measure angle 
of attack, and the target means at each wing tip measure 
roll angle. Optical receiver means are mounted at 90“ 
increments within the spin tunnel and are mounted at 
the base of the spin tunnel. The optical receiver means 

25 mounted at 90” increments within the spin tunnel collect 
data for calculating the angle of attack and roll angle of 
the model. The optical receiver means mounted at the 
base of the spin tunnel determine the spin rate of the 

3o model. Only one target need be tracked for determining 
the spin rate. 

These objects, together with other objects and advan- 
tages which will be subsequently apparent, reside in the 
details of construction and operation as more fully here- - 
inafter described and claimed, reference being had to 
the accompanying drawings forming a part hereof, 
wherein like reference numerals refer to like parts 
throughout. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram of an electro-optical spin 

measurement system (SMS) according to the present 
invention; 

FIG. 2 is a diagram of the spin tunnel with a spin 
model therein, and receivers at various axes within the 
spin tunnel of the SMS in FIG. 1; 

FIG. 3(A) is a plan view of the spin tunnel in FIG. 2; 
and 

FIG. 3(B) is a cross-sectional side view of the spin 
tunnel in FIG. 3(A). 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention is directed to an electro-optical 
spin measurement system shown in FIG. 1. A spin 
model 20 and spin tunnel 22 are shown. The spin model 
20 includes a receiver 28 which receives signals from a 
radio controlled transmitter 29 in the spin tunnel 22, a 
decoder 36 which is attached to the receiver 28 for 
decoding the signals from the transmitter 29, and a light 
emitting diode (LED) driver 34 which receives signals 
from the decoder 36 and drives LED targets 24. The 
spin tunnel observation area installation 37 includes 
optical receivers 26 which receive signals from the 
LED targets 24 and a control unit 30 which receives 
signals from the optical receivers 26 and determines 
various parameters, such as spin rate, angle of attack 
and roll angle of the spin model 20. The control unit 30 

- 
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inputs the collected data from the optical receivers 26 
into a computer 32 to obtain desired data. The control 
unit 30 also supplies command and control signals re- 
quired by the receiver 28 and sequencing commands to 
the targets 24 via the radio controlled transmitter 29. 

Optical targets are employed so as to preserve the 
spin model’s ability to spin freely within the confines of 
the spin tunnel 22. LED targets 24 are employed be- 
cause of their small size and low power consumption. 
Any suitable optical device, however, can be employed. 

An example of the type of flight deflection measure- 
ment system which can be employed is set forth in the 
above-mentioned cross-referenced application having 
U.S. Ser. No. 07/251,438, filed Sept. 30, 1988, to Robert 
Fodale et al., and entitled “Miniaturization of Flight 
Deflection Measurement System”, and includes a radio 
controlled receiverhransmitter system so that com- 
mands from the control unit can be relayed to the model 
via a radio link. This preserves the spin model’s ability 
to spin freely within the spin tunnel 22 and collect accu- 
rate data without any interference. 

The optical receivers 26 are integrated simulta- 
neously (in parallel) by the control unit 30. The ac- 
quired positional data is stored in the computer 32, 
which is a micro/mini computer, for later processing. 
Each frame of data contains two data words per re- 
ceiver. One word for receiver identification, status and 
target identification, and one word for data. The identi- 
fication and data words require, for example, a mini- 
mum of 10 bits each. Assuming a 1 MHz clock rate, it 
takes approximately 4 milliseconds to acquire data from 
the optical receivers 26. A frame time of 4 milliseconds 
defines the maximum model position data rate of 38 per 
second. Thirty-eight data points per second assumes six 
targets plus two milliseconds for model surface servo 
‘control. This data is stored and manipulated by the 
computer 32 and is employed, at a minimum, to deter- 
mine and output spin model pitch angle, roll angle and 
rotational rate. 

The six targets employed on the model are located as 
follows. Two targets are located under the fuselage at 
the nose tip and the tail so that the spin rate may be 
measured. Two targets are located on the side of the 
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fuselage at the nosetip and the tail so that the angle of 45 
attack may be measured. The remaining two targets are 
located at each wing tip so that the roll angle may be 
measured. 

The optical receivers 26 are mounted at 90” incre- 
ments around the perimeter of an observation area 37 of 50 
the spin tunnel 22 (FIGS. 2 and 3A). This divides the 
tunnel throat area into four equal quadrants. The optical 
receivers 26 acquire data points needed to calculate the 
angle of attack and roll angle. FIG. 2 shows the spin 
model 20 and the location of various optical receivers 
26 within the spin tunnel 22. Four additional optical 
receivers 26 are mounted at the base of the spin tunnel 
22 so as to define the quadrant and position of the spin 
model 20. The data from the optical receivers 26 
mounted at the base of the spin tunnel will also deter- 
mine the spin rate of the spin model 20. 

In order to measure the spin rate, only one of the 
targets 24 needs to be tracked. Since the optical receiv- 
ers 26 are sensitive to motion in only one axis, the rotat- 
ing motion of the targets 24 is converted into a vertical 
displacement on the face of a linear array within the 
optical receivers 26. This linear displacement, when 
plotted with respect to time, produces a sine wave hav- 
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4 
ing a period equal to one revolution of the spin mode 20. 

Spin rate (HZ) = period (ms) 

The angle of attack and roll angle is calculated from 
data extracted from one of the four optical receivers 26 
mounted on the perimeter of the spin tunnel 22 in the 
X-Y plane. Since system resolution is greatest when the 
spin mode-to-receiver separation is smallest (this is com- 
mon to all optical systems), the data used is taken from 
the receiver which is closest to the spin model 20 and 
which has an axis of interest approximately parallel to 
the front face of the receiver (see FIGS. 3A and 3B). In 
FIGS. 3A and 3B, the letters A, B, C, D, E and F desig- 
nate various distances of various targets 24 on the spin 
model 20 from the X-Z plane and the X-Y plane. 

The data extracted from the optical receivers 26 
mounted at the base of the spin tunnel 22 are employed 
not only to determine the spin rate of the spin model 20 
but the data collected by these receivers will be used to 
select the proper perimeter receiver 26 whose data will 
be used to calculate the angle of attack and roll angle of 
the spin model 20. Data collected from these receivers 
yield the following information: quadrant location, yaw 
orientation, and distance from the X axis of the spin 
model 20 to a front face of an optical receiver 26. By 
knowing the distance of each target to the selected 
optical receiver 26, the resolution for that specific mea- 
surement (which yields a maximum accuracy achiev- 
able for that specific location) can be accurately calcu- 
lated. 

The electro-optical spin measurement system of the 
present invention replaces the present photographic 
method and provides the advantage of almost real-time 
solution with fast data turnaround, lower cost, and 
more accurate test results than prior art devices. The 
present invention can be employed for obtaining exter- 
nal store position metering relative to a wing reference 
plane for store separation tests. A store is a bomb or 
missile and the store separation test determines how fast 
the bomb or missile is travelling and the orientation of 
the bomb or missile as it is falling away from the air- 
craft. In addition, the present invention can be used to 
determine vertical lift for aircraft attitude and aircraft- 
to-deck closure speed inputs for automatic shipboard 
landing control systems. Further, the present invention 
can operate in hostile light environments and can be 
applied to other system requirements, i.e., low speed or 
high speed wind tunnel tests, model or structural flex- 
ing, short range space positioning, etc. 

The foregoing is considered as illustrative only of the 
principles of the invention. Further, since numerous 
modifications and changes will readily occur to those 
skilled in the art, it is not desired to limit the invention 
to the exact construction and application shown and 
described. Accordingly, all suitable modifications and 
equivalents may be resorted to, falling within the scope 
of the invention and the appended claims and their 
equivalents. 

What is claimed is: 
1. An electro-optical spin measurement system for a 

radio controlled receiver/transmitter means, located 
within the spin tunnel for transmitting and receiv- 
ing signals; 

spin model in a spin tunnel comprising: 
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5 6 - target means, mounted on the spin model, for receiv- mounted on the side of the fuselage at the nose tip and 

ing signals from said radio controlled receiver/- tail, and wherein a target means is located at each tip of 
transmitter means and generating signals; the wings. 

optical receiver means, mounted around the perime- 5. An electro-optical spin measurement system ac- 
ter of the spin tunnel and at the base of the spin 5 cording to claim 4, wherein said two target means 
tunnel, for generating data by defining the position mounted under the fuselage the nose tip and tail allow 
of the spin model in accordance with the signals for measurement of spin rate, wherein said two target 
received from said target means; and means mounted on the side of the fuselage at the nose 

control means, connected to said radio controlled tip and tail allow for measurement of angle of attack, 
receiver/transmitter means and said optical re- 10 and wherein said two target means at said wing tips 
ceiver means for transmitting signals to said radio allow for measurement of roll angle. 
controlled receiver/transmitter means, accumulat- 6. An electro-optical spin measurement system ac- 
ing data from said optical receiver means, and de- cording to claim 1, wherein said optical receiver means 
termining spin rate, angle of attack and roll angle of mounted around the perimeter of the spin tunnel are 
the spin model. 15 mounted at 90" increments with respect to each other 

2. An electro-optical spin measurement system ac- for dividing the spin tunnel into four quadrants. 
cording to claim 1, wherein six target means are em- 7. An electro-optical spin measurement system ac- 
ployed. cording to claim 6, wherein said optical receiver means 

3. An electro-optical spin measurement system ac- mounted around the perimeter of the spin tunnel gener- 
cording to claim 2, wherein said target means include 20 ate data for calculating angle of attack and roll angle of 
light emitting diodes (LEDs). the spin model. 

4. An electro-optical spin measurement system ac- 8. An electro-optical spin measurement system ac- 
cording to claim 3, wherein the spin model includes a cording to claim 7, wherein said optical receiver means 
fuselage, nose tip, wings, and tail, wherein two of said mounted at the base of the spin tunnel generate data for 
target means are mounted under the fuselage at the nose 25 calculating the spin rate of the spin model. 
tip and tail, wherein two other said target means are * * * * *  
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