Macho Springs Wind Farm Study for April 10th to the 13th
Radiative testing was conducted on the single 1MW wind turbine at Fort Huachuca on several frequencies between 2MHz and 6GHz. A transmit site was set up near Site Boston to broadcast a CW signal across Garden Canyon Road. The signal strength was then measured starting at 750 yards from the wind turbine at approximately 75 yard intervals as the wind turbine was approached. The signal strength was measured at “Max Hold” and “Min Hold” to capture the absolute maximum and minimum signal level at each point. From maximum and minimum signal level measurements, the total span of signal fluctuation caused by the spinning blades along with the average signal level could be calculated. The average signal level value represents an average reflected signal from all possible positions of the blades as if they were stopped then moved from point to point and the signal measured.

From the averaged data it was noticed that the mean signal level varied in waves depending on distance from the tower, and that signal levels dropped off sharply within approximately 30 yards of the tower structure. The maximum and minimum signal measurements showed the fluctuation in signal level due to the spinning blades, and that this fluctuation increased as the wind turbine was approached. Also noticed were that some frequencies fluctuated much more than the others, indicating a possible resonance. This greater fluctuation was seen only when the blades were turning, so it was determined that the blades were acting as a resonant spinning antenna at those frequencies. The antenna affect would be due to the lightning protection conductors inside the blades connected to the hub and spanning tip to tip. From the hub to tip distance, the ¼ wave resonance was calculated and found to be 2.5MHz with the dielectric effect of the fiberglass blades surrounding the conductors being factored in. The largest peaks were seen at 30MHz, 60MHz and 90MHz, all integer multiples of the calculated resonance at 2.5MHz. 
From the above, it was theorized that if one wind turbine caused signal fluctuations due to blade rotation, a greater number of wind turbines in one place would cause larger signal fluctuations.  Also theorized was that any wind turbine blade with an internal lightning protection conductor spanning from hub to blade tip should have a fundamental resonant frequency that is predictable.  A broadcast frequency the same as or any integer multiple of this fundamental resonant frequency will be affected more than frequencies that aren’t integer multiples. This was predicted from the Fort Huachuca data and was seen at the Macho Springs Wind Farm. 
The resonant frequency of the blades was determined by dividing 234 by a single blade length of 160.76 feet resulting in a calculated resonance of 1.456MHz. Measurements were made at the drive way entrance approximately 2400 feet from the nearest wind turbine. The auto tuner would not match the HF whip antenna below 1.8MHz and two sections of the whip had already been removed so the antenna would tune at 30MHz. The decision was made to use the 3rd harmonic at 4.257MHz, then divide by three to determine the fundamental frequency, which should be 1.419MHz. Transmissions were made from 3.8MHz to 4.7MHz every 100KHz, while measuring the maximum and minimum signal levels. The data was plotted and a peak just below 4.26MHz found, indicating resonance. The fundamental resonant frequency was found by dividing the 3rd harmonic by 3 resulting in a frequency of 1.419MHz. The measured frequency was lower than the calculated by 37KHz most likely due to the dielectric affect of the fiberglass covering the lightning protection wire. Figure 1 below shows this graph. (I realize this may seem like speculation, but in the real world covering a length of wire with an insulator will lower its RF velocity factor, thus resonant frequency. Using the 3rd harmonic to determine the fundamental resonant frequency of the wind turbine blades was the most expedient method considering the time constraints and operational limits on the test equipment available. Last, I wouldn’t expect all of the wind turbine blades to resonate at exactly the same frequency.) 
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Figure 1. Graph showing large signal strength fluctuations with a peak at 4.257MHz due to blade spin.

At Macho Springs, maximum and minimum measurements were taken at one half mile increments starting at the wind farm’s driveway and extending 2.5 miles to the NE and 5 miles to the SW along Highway 26 as shown in figure 2. The greatest fluctuations in signal strength were seen at 0.5 miles to 2.5 miles to the SW along Hwy 26. These signals would have passed through or near a higher number of wind turbines. Signal level fluctuations dropped off beyond the wind farm boundaries as a wave function seen in the graphs shown in figures 3, 4, and 5 below. (As an example, signal strength wave functions in RF, coherent light, and electron beams are caused by constructive or destructive interference, which is most likely the case here. The large peaks and valleys seen in the graphs below may have been caused by shadowing in combination with blade resonances. More research needs to be done at additional frequencies including harmonics of the fundamental resonant frequencies of the blades.)
Figures 6, 7, and 8 below show the mean signal level between maximum and minimum measured along Highway 26 as shown in Figure 2 below. The slope to the left side of the graph was caused by the increasing distance from the transmitter as the measurements were made traveling to the SW.(A wave function in the graph is most likely again caused by constructive or destructive interference, as explained above.)
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Figure 2. Macho Springs Wind Farm showing the transmit site, signal paths, and even mileage test points.
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Figure 3. Signal strength fluctuations due to blade spin for 2.065MHz, 14.9MHz, and 30.07MHz.
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Figure 4. Signal strength fluctuations due to blade spin for 90.0MHz, 157.35MHz, and 225.0MHz.
[image: image5.png]337.5MHz

1303.75MHz

\
\

dl

\/

/

ITAYANY

/\

/ I\

[1\l/

11111

5 45 4 35 3 25 2 A5 4 05 0 05 1 15 2 25

Miles on Hwy 26, left is SW, right is NE, 0 is driveway





Figure 4. Signal strength fluctuations due to blade spin for 337.5MHz, and 1303.75MHz.
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Figure 5. Mean signal level between maximum and minimum for 2.065MHz, 14.9MHz, and 30.07MHz.
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Figure 6. Mean signal level between maximum and minimum for 90.0MHz, 157.35MHz, and 225MHz.
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Figure 7. Mean signal level between maximum and minimum for 337.5MHz, and 1303.75MHz.

GPS ISSUES:

While making noise measurements along Hwy 26, GPS issues were experienced. During measurements conducted at the solar farm near Hatch, NM the satellite count in RFCat was 100%. Upon rounding the corner driving to the SW and entering the area of the Macho Springs Wind Farm where the wind turbines could be clearly seen, the satellite count dropped to 90%. Continuing toward and adjacent to the wind farm, the GPS coverage gradually dropped to 40%. At a point 2 miles past the entrance to the wind farm, another pass to the NE was attempted. GPS lock was lost and was re-acquired only after several program restarts and USB port changes were made. GPS lock was finally established and measurements made traveling to the NE. The satellite count remained at 40% and increased somewhat at the end of the run 2 miles NE of the wind farm driveway.
On the 2nd day of testing, several attempts were made to acquire GPS lock in RFCat but lock couldn’t be acquired. More attempts were made and failed on the 3rd day of testing to acquire GPS lock. GPS lock couldn’t be acquired at the transmit site by John Zembus using his computer running RFCat and his GPS puck. On hwy 26, my Black Berry showed a loss of GPS all along the test route. Upon leaving the wind farm at the end of the day, my BB acquired enough GPS satellites to provide a speed readout 1.5 miles to the NE.

It was noticed that signal fluctuations while transmitting at 1303.75MHz fluctuated by almost 35dB. Out of time.

MY ANALYSIS:
The table below is based on a wind turbine blade fundamental resonance of 1.40625MHz, 12.75KHz lower in frequency than measured as explained above. Transmission frequencies where large signal strength swings occurred at Macho Springs were 90MHz and 225MHz which would be frequencies at exact harmonics. The signal strength swings were large for 157.35MHz, but not quite as large as the other two frequencies. The closest harmonic would be 137.5MHz, only 150KHz away and close enough to show some resonant action. The same very large signal swing can be seen at 337.5MHz which also falls on a harmonic. All that is required for resonance is that the wavelength is correct to cause the peak impedance and highest voltage to occur at the tip of the blade and the lowest impedance or high current point to occur at the hub, and this happens at a harmonic. Figure 6 showing a deep drop in signal strength at -1.5 miles could either be caused by shadowing or power being absorbed by the blades. The signal would have to pass through seven wind turbines before being received. This kind of signal drop isn’t seen at the other frequencies. The peaks and valleys in the graphs for the other frequencies are occurring where the signals are passing between lines of wind turbines and are likely caused by constructive and destructive interference as the wavelength changes. 

Before a better analysis can be made, additional frequencies need to be investigated with additional measurement points closer together along Hwy 26. Additional harmonics need to be included. Blade resonance needs to be measured at other points and not near a single wind turbine.

	Harmonic
	Frequency
	Harmonic
	Frequency
	Harmonic
	Frequency
	Harmonic
	Frequency
	Harmonic
	Frequency
	Harmonic
	Frequency
	Harmonic
	Frequency
	Harmonic
	Frequency

	1
	1.41
	21
	29.53
	41
	57.66
	61
	85.78
	81
	113.91
	101
	142.03
	121
	170.16
	141
	198.28

	2
	2.81
	22
	30.94
	42
	59.06
	62
	87.19
	82
	115.31
	102
	143.44
	122
	171.56
	142
	199.69

	3
	4.22
	23
	32.34
	43
	60.47
	63
	88.59
	83
	116.72
	103
	144.84
	123
	172.97
	143
	201.09

	4
	5.63
	24
	33.75
	44
	61.88
	64
	90.00
	84
	118.13
	104
	146.25
	124
	174.38
	144
	202.50

	5
	7.03
	25
	35.16
	45
	63.28
	65
	91.41
	85
	119.53
	105
	147.66
	125
	175.78
	145
	203.91

	6
	8.44
	26
	36.56
	46
	64.69
	66
	92.81
	86
	120.94
	106
	149.06
	126
	177.19
	146
	205.31

	7
	9.84
	27
	37.97
	47
	66.09
	67
	94.22
	87
	122.34
	107
	150.47
	127
	178.59
	147
	206.72

	8
	11.25
	28
	39.38
	48
	67.50
	68
	95.63
	88
	123.75
	108
	151.88
	128
	180.00
	148
	208.13

	9
	12.66
	29
	40.78
	49
	68.91
	69
	97.03
	89
	125.16
	109
	153.28
	129
	181.41
	149
	209.53

	10
	14.06
	30
	42.19
	50
	70.31
	70
	98.44
	90
	126.56
	110
	154.69
	130
	182.81
	150
	210.94

	11
	15.47
	31
	43.59
	51
	71.72
	71
	99.84
	91
	127.97
	111
	156.09
	131
	184.22
	151
	212.34

	12
	16.88
	32
	45.00
	52
	73.13
	72
	101.25
	92
	129.38
	112
	157.50
	132
	185.63
	152
	213.75

	13
	18.28
	33
	46.41
	53
	74.53
	73
	102.66
	93
	130.78
	113
	158.91
	133
	187.03
	153
	215.16

	14
	19.69
	34
	47.81
	54
	75.94
	74
	104.06
	94
	132.19
	114
	160.31
	134
	188.44
	154
	216.56

	15
	21.09
	35
	49.22
	55
	77.34
	75
	105.47
	95
	133.59
	115
	161.72
	135
	189.84
	155
	217.97

	16
	22.50
	36
	50.63
	56
	78.75
	76
	106.88
	96
	135.00
	116
	163.13
	136
	191.25
	156
	219.38

	17
	23.91
	37
	52.03
	57
	80.16
	77
	108.28
	97
	136.41
	117
	164.53
	137
	192.66
	157
	220.78

	18
	25.31
	38
	53.44
	58
	81.56
	78
	109.69
	98
	137.81
	118
	165.94
	138
	194.06
	158
	222.19

	19
	26.72
	39
	54.84
	59
	82.97
	79
	111.09
	99
	139.22
	119
	167.34
	139
	195.47
	159
	223.59

	20
	28.13
	40
	56.25
	60
	84.38
	80
	112.50
	100
	140.63
	120
	168.75
	140
	196.88
	160
	225.00
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