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Executive Summary 

A Cooperative Research and Development i4greement (CRADA) between Met One Instruments, Incorporated (Met One) 
and Westinghouse Savannah River Company (WSRC) was made to develop and test a fiber optic measurement-based 
wind vane. Some advantages of using fiber {optic technology for a wind vane include protection against lightning-induced 
electrical surges and radio-frequency interference, suitability for use in explosive environments, and a longer field life. A 
prototype fiber optic wind vane was built by Met One and tested by WSRC. Wind tunnel test results indicated that the 
vane is very sensitive to low wind speeds (<: 0.15 meter per second) although the resolution of the sensor (1.4 degrees) is 
higher than typical wind vanes. A side-by-side field test with a conventional commercial wind vane indicated that the fiber 
optic wind vane performed well and even c~utperformed the conventional sensor during low wind speed conditions. The 
field test also indicated that the fiber optic sensor is a viable instrument although some modifications are required before 
the sensor can be readily commercialized. 

Introduction 
The Atmospheric Technologies Group (ATG) of WSRC 
currently maintains a network of ten meteorological 
observation towers to provide timely, accurate data for 
emergency response to unplanned atmosplneiic releases 
of hazardous materials or chemicals and to provide data- 
bases for dosimetric, engineering, and e:nvironmental 
studies (Parker and Addis 1993). This network of towers 
is part of the Savannah River Technology Center's 
(SRTC) Weather INformation and Display (WIND) Sys- 
tem. Since 1987, nine of the %en towels have been 
equipped with Met One equipment. Tbroiigh extensive 
testing and calibrations, Met One's equipment has been 
proven to be dependable, accurate, and durable. 

In 1993, Met One Instruments purchased the meteorolog- 
ical instruments division of Teledyne Geotcxh. Met One 
maintained most of Teledyne Geotech's technical person- 
nel and the Model 1585 Bivane as one of tlheir products. 
In 1994, a CRADA (CR-94010) between WSRC and-_ 

- M e t  One Instruments was created to develop an aerody- 
namically enhanced bidirectional wind vane to provide 
better measurements of atmospheric turbulence (Parker 
1996). During the course of interaction between ATG and 
Met One, discussions concerning the development of 
fiber optic meteorological sensors were made. Met One 
proposed to develop a fiber optic measurement-based 
wind vane and requested that ATG assist in wind tunnel 
and field testing. The potential advantages {of using fiber 
optic technology in a meteorological instrument include: 

Fiber optics are impervious to lightning-induced 
electrical surges. 
Fiber optics are impervious to radio frequency inter- 
ference (RFI) commonly created by radio/television/ 
microwave transmission on tall towers. 
This technology employs non-electrical components, 
which could be used in explosive environments. 
This technology has a lower starting threshold. 
Fewer physical contact points are used, meaning less 
wear and a longer field life. 
Fiber optics have a high signal to noise ratio. 
This technology provides increased measurement 
precision, resolution, linearity, and accuracy. 

For WSRC, a fiber optic measurement-based meteoro- 
logical sensor could be used to greatly reduce problems 
from RFI and lightning surges as well as improve preci- 
sion, resolution, linearity, accuracy, and longevity. As a 
result of these discussions, a CRADA (CR-94-015) 
between Met One and WSRC was created to develop a 
fiber-optic-based wind direction sensor. 

Sensor Design 
The design of the fiber-optic wind vane (Figure 1) is 
simple in concept and markedly different from a typical 
fiber optic application. The vane uses a mechanical 
device to operate, which contrasts with fiber-optic com- 
munication applications that optimize the high speed 
and capacity capabilities of&ber. For this meteorological 
application, the fiber-optic wind vane capitalizes on a 
unique set of characteristics offered by fiber optics that 
meet the criteria discussed in the previous section. Thus, 
meteorology is borrowing from communication technol- 
ogy. 

~ 

97xoo129.text.fmka 1 



WSRC-TR-~~-OOI o A Fiber Optic Wind Vane (U) 
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igure 1. rimr opuc vane WUI iignt sourcweiectromcs nousing and cabling 

Figure 2 shows a schematic of the fiber-optic wind vane. 
Light travels from the source through plastic fiber cabling 
to the base of the wind vane. At this point, the fiber termi- 
nates into a lens fitted with a coupling that contains eight 
thin strands of plastic fiber. These strands extend into a ter- 
mination block inside the sensor. The block acts as an 
alignment holder. An identical set of thin fiber strands are 
mounted on the opposite side of the block directly beneath 
the upper part of the block. In between the thin strands is 
an eight-channel binary code wheel that is attached to the 
shaft of the sensor and is perpendicular to the block (Fig- 
ure 3). The shaft and wheel rotate as the vane at the top of 
the instrument rotates. The binary code wheel, by its 
design, can either allow light to pass between the fibers or 
block the light. Pulses of light enter the strands at the bot- 
tom of the block and travel back to the light source inside 
the same wiring jacket. 

The light source, fiber cabling origination and termination 
points, and signal processing hardware are located in one 
housing (Figure 4) that must be placed inside a weather- 
proof shelter. The light source must provide enough light 
to be able overcome the considerable attenuation that 
occurs at all key junctures along the light pathway. The 
two junctures that cause the most attenuation of light are at 
the coupling and the alignment block. 

Each of the eight return fiber strands terminates into a 
block where a set of photodetectors are mounted. Each 
photodetector converts the detection of light from an 
individual strand into an analog output voltage. All eight 
photodetectors transmit individual signals to a circuit 
board, which is programmed to convert the digital logic 
of the binary code into a linear voltage output that is 
directly related to the angle of the wind direction. In this 
case, the voltage output is 0 to 5.000 volts DC for the 0 
to 360 degrees range of wind direction. The output volt- 
age is sent to a terminal strip for external sampling. The 
length of the available cabling for the prototype was lim- 
ited to 10 meters, which is a typical monitoring height 
for wind vanes. 

The resolution of the sensor is limited by the configura- 
tion of the binary code wheel. The calculation of the res- 
olution is made by taking the number of degrees (360) 
and dividing by the number of possible combinations of 
the binary code wheel (2*=256). Therefore, the resolu- 
tion is 1.4 degrees. Typical wind direction sensors have 
resolutions of less than 0.1 degree, which is consider- 
ably less than the fiber-optic prototype vane. Figure 5 
shows the output voltage per degree for the prototype 
vane. 

2 97x001 29.text.fmka 
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Design Schiematic of the Fiber Optic Wind Vane 

Figure 2. Schematic of the fiber optic ?wind vane 
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The outer casing of the sensor is made of machined alumi- 
num, and the top diameter of the sensor is identical to the 
Met One 02OC wind direction sensor to allow the use of an 
02OC vane assembly. A strain relief fitting has been 
attached to support the fiber optic wiring jacket near the 
bottom of the outer case on an offset face. The base of the 
sensor is a 2.54-cm shaft that is 7.9 cm long. 

Figure 3. The inside of the fiber-optic wind 
vane. The gray code wheel and termi- 
natiodalignment block are barely vis- 
ible. 

Wind Tunnel Tests 
Westinghouse Savannah River Company operates an Aero- 
lab subsonic wind tunnel in the Building 735-7A Meteoro- 
logical Engineering Facility (Figure 6). The tunnel 
functions by drawing air through the tunnel structure with 
a motorized fan. The air enters the wind tunnel through a 
honeycomb filter that limits the size of turbulent eddies 
entering the tunnel. After passing through the filter, air 
continues through a section of areal reduction to the test 
section of the wind tunnel. The air flow rate through the 
test section is readily controlled by regulating the rate of 
rotation of the fan blades. Turbulent eddies are virtually 
non-existent in the test section, which creates an ideal test- 
ing platform inside the wind tunnel. Air flow can be regu- 
lated from approximately 0.15 to 23 meters per second. 
Calibrations are made with standards traceable to the 
National Institute for Standards and Testing (NIST). 

Figure 4. View inside of the light source/electronics housing showing the light source (white box on the 
right), single fibers mounted into the termination block with wires extending from beneath the pho- 
todetectors (middle), and signal processing circuitry (foreground) 
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Figure 6. The Building 735-7A Meteamlogical Engineering Facility including the wind tunnel. 
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A three-dimensional positioning arm is used as a release 
mechanism in the rear of the tunnel test section. Repeat- 
ability of the positioner can be easily accomplished to one  
tenth of one horizontal degree. The release mechanism 
does not impart any additional force to the vane upon 
release. 

Data acquisition is performed with Labtech Notebook@ on 
a personal computer. Data sampling rates can be varied, but 
200 hertz was commonly used for all wind tunnel tests. 
Data storage files were madein the random-access memory 
to enhance data sampling rates, and permanent files were 
stored onto the hard drive of the personal computer. Data 
analyses were conducted after the data were stored. 

Wind tunnel tests of the dynamic vane bias, starting thresh- 
old, and damping ratio were made in the Building 735-7A 
Meteorological Engineering Facility. The results of these 
tests are discussed in the following sections. 

Dynamic Vane Bias 
The dynamic vane bias is a measured by aligning the vane 
of the prototype to the wind tunnel centerline with no air 
flow and comparing this value to a measurement at 5 
meters per second (ASTM 1995). Normally, the vane bias 
is expected to be less than one degree. The vane bias for the 
fiber optic vane was acceptable since the same degree mea- 
sure was made at 5 meters per second as at a zero air flow. 
The true vane bias was likely between 0 and 1.4 degrees or 
the resolution of the sensor. 

Starting Threshold 
The starting threshold of a wind vane is determined by 
placing the vane at a ten degree offset to the tunnel flow 
and determining the lowest flow at which the vane is dis- 
placed at least one degree (ASTM 1995). The vane was 
found to be responsive at 0.15 meter per second in the wind 
tunnel. It is likely that the true starting threshold is less 
than 0.15 meter per second since the total vane displace- 
ment was well over 10 degrees as the vane aligned itself 
with the tunnel centerline. A flow rate of 0.15 meter per 
second is the extreme lower limit of the wind tunnel. 

Damping Ratio 
The damping ratio is a measure of a vane’s ability to 
respond to a step function change in wind direction (ASTM 
1995). Calculations of the “unitless” damping ratio allow 
intercomparison of vane types and styles. In general, the 
damping ratio should be 0.4 or greater for wind direction 
sensors used to provided data for calculations of atmo- 
spheric dispersion. To measure the damping ratio, the vane 
is held at a ten degree offset angle and released. Three key 

measurements are made during the testing process: release 
point, maximum displacement, and final vane location 
resulting from the tunnel air flow alone. 

Tests of the damping ratio were found to be incompatible 
with the fiber-optic wind vane prototype due to the rela- 
tively large degree angle resolution. Since the resolution of 
the vane is 1.4 degrees, the uncertainty in the measure- 
ments of the release point and overshoot angle could be as 
much as 2.8 degrees combined. This equates to a possible 
range in the damping ratio of about 0.2 (very poor) to 0.7 
(excellent). Therefore, tests of the damping ratio were 
unsuccessful. 

Field Tests 
A short-term field test of the fiber optic wind vane proto- 
type was made to challenge the viability of the sensor 
under real environmental conditions. A side-by-side test 
with a Met One 02OC wind vane was made on a portable 
tower which was situated at the Central Climatology facil- 
ity (Kurzeja 1993; Parker and Addis 1993) at the SRS. The 
sensors were mounted at 6.7 meters on a 1-meter cross- 
am. The tower was located adjacent to a 3.7 meter high 
building to facilitate the limited fiber-optic cabling avail- 
able with the sensor. Data were collected at a frequency of 
1 hertz, and 15-minute averages were stored. Data were 
also sampled from a Met One Model 1564B anemometer 
with a sensitive 6cup assembly permanently installed at 
the 4 meter level of the Central Climatology tower located 
about 22 meters from the portable tower. Wind speed data 
were handled in an identical manner on the same data log- 
ger. 

Figure 7 shows a plot of the wind direction as measured by 
the Model 02oC versus the fiber sensor. As can be seen, 
most points fell along the “y=x” line, but the actual ideal 
fit line deviates from the oneto-one line. Several points 
fall well beyond either line and this will be discussed in 
the following sections. Figure 8 shows the standard devia- 
tion of wind direction of the fibex sensor plotted against 
the standard deviation of the wind direction of the Model 
02OC. Again, most points lie along the “y=xy’ line, but the 
actual best fit line has been adjusted to compensate for the 
large number of large “Sig Fiber” values that occurred 
when the value of “Sig 02OC” was near 0 degrees. 

The performance of each sensor can be assessed further 
with an additional analysis of the wind speed. Figure 9 
shows the difference in wind direction measurements of 
the fiber and the Model 02OC sensors along with the wind 
speed during the field test. The largest magnitude of the 
differences were observed during low wind speed condi- 
tions. (There is also a bias of 2.1 degrees between the sen- 
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SOTS, which was likely the result of sighting errors.) Figure 
10 shows the difference in the values of the standard devi- 
ation of the wind direction between the two sensors and 
the wind speed. Again, the largest magnitude of the differ- 
ences occurred during the times of low wind speeds. Fig- 
ure 11 shows the actual values of the standard deviations 
of wind direction for both sensors along with the wind 
speed. At speeds above 0.5 meter per second, the standard 
deviations were nearly identical, however, at speeds below 
0.5 meter per second, the values for each sensor differed 
greatly. In fact, the Model 020C measured values of near 0 
degrees during the periods of wind speeds less than 0.5 
meter per second whereas the fiber sensor provided larger 
standard deviations. The Model 020C was likely not mov- 
ing since the wind speed was below the vane‘s starting 
threshold. On the other hand, the fiber sensor was still 
operating since its starting threshold, as measured in the 
wind tunnel, is much lower than the starting threshold of 
the Model 020C. There was some exaggeration of the stan- 
dard deviations of the fiber vane due to the likely tempo- 
rary “sticking” during essentially calm conditions (Parker 
1996). 

WSRC-TR-97-0010 A Fiber Optic Wind Vane (U) 

This can be accomplished by utilizing a ninedigit binary 
code wheel. This would give a resolution of 0.9 de*& 
compared to 1.4 degrees for the prototype. If possible, a 
tendigit wheel could be used to increase the resolution to 
0.35 degree, but this may be difficult due to cross-contam- 
ination of light near each opening of the binary code 
wheel. 

Light attenuation in the fiber-optic cabling must be mini- 
mized at each connection point. The loss of light at con- 
nections is symptomatic of all fiber-optic applications but 
can be minimized through the use of lenses, such as a col- 
limator, which refocus light through each side of a COM~C- 
tor. 

Figure 12 shows that the most likely time of day for the 
Model 020C to record a low value of the standard devia- 
tion was during the evenings and the periods just after 
midnight. It is interesting to note that the presence of dew 
accumulations near the sunrise hours (0500-0700 local 
time) did not appreciably affect either sensor. Again, the 
occurrence of high values of the standard deviations 
occurred at very low wind speeds. 

This field test did not effectively challenge the ability of 
the fiber-optic wind vane to remain impervious to light- 
ning-induced electrical surges or RFX The test was con- 
ducted under warm, humid summertime conditions, but no 
thunderstorms occurred. One period of light rain was 
recorded just before daybreak of the fourth day, but this 
rain had no noticeable effect on the data. Each sensor in 
the field test was tied into the grounding grid for the 
nearby observation tower. There are no known sources of 
RFI at the field test site. 

Future Refinements 
There are several aspects of the fiber-optic wind vane pro- 
totype that must be improved before the sensor can 
become a commercially viable product. The primary areas 
of concern are the resolution of the sensor, light attenua- 
tion in the fiber optic cabling, and the utilization of con- 
nectors to allow interchangeability of sensors. 

The resolution of the sensor must be in-& to attain a 
level consistent with common commercial wind vanes. 

The fiber-optic wind vane prototype was “hard-wired” 
through the sensor without a means of changing sensors. 
This was an acceptable practice for a prototype but is not 
acceptable for a commercial product. A suitable fiber- 
optic connector at the sensor will be required to allow 
interchangeability between sensors. Otherwise, with a 
hard-wired sensor, the entire sensor and cabling system 
would be replaced in the event of a non-field calibration or 
failure. 

Conclusions 
A fiber optic measurement based wind vane was devel- 
oped during the course of this CRADA. Wind tunnel tests 
indicated that the sensor is responsive to wind speeds as 
low as 0.15 meter per second. This compares favorably to 
typical commercial wind vanes which are responsive to 
speeds of 0.5 meter per second or greater. However, the 
relatively poor resolution (1.4 degrees) of the fiber optic 
wind vane hampered further wind tunnel tests of the 
damping ratio and distance constant since the error 
involved in making measurements approached 3095, and 
hence, a factor of three error in the damping ratio. A sug- 
gested refinement to the increase the resolution of the sen- 
sor by a factor of two could be made rather simply in 
future prototypes. 

A shortduration field experiment was used to test the via- 
bility of the fiber optic sensor and to compare its perfor- 
mance to a CommerciaIIy available wind vane. The 
standard deviations of the horizontal wind direction mea- 
sured by each sensor were nearly identical except under 
low wind speed conditions. The superior responsiveness 
of the fiber sensor to low wind speeds resulted in more 
accurate measurements than the commercial sensor. When 
the wind speed dropped below 0.5 meter per second, the 
commercial sensor became unresponsive but the fiber sen- 
sor was aMe to continue to make accurate measurements 
of the wind dimtion unless the wind speed dropped below 
0. 15 meter per second. 

97xoo129.text.fmka 8 
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Starting threshold 
Vane bias 

WSRC-TR-97-6010 

1.4 deaees 

Tests of the fiber optic wind vane against lightning induced 
electrical surges and radio-fiequen& intexfaence-were not 
made. Table 1 identifies the specifications of the fiber 
optic wind vane. 

Table 1. Specifications of the Fiber Optic: Wind Vane 

I Resolution I 1.4degrees I 

I Damping ratio I indeterminate I 
I indeterminate I Distance constant 
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Figure 11. Time series plot of fifteen-minute averages of the standard deviation of wind direction measurements by 
the fiber optic and Model 02OC wind vanes and the wind speed over the entire experiment. Values of the 
standard deviation were nearly identical except under low wind speed conditions when the fiber sensor 
proved to be more responsive (see the section on Field Tests). 
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Figure 12. Same as for Figure 9 except the values are plotted versus the time of day. 
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