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ABSTRACT

The DOE/NREL Utility Wind Resource Assessment Program (U*WRAP) provides technical and financial
assistance to utilities conducting high quality wind measurement programs in various regions of the United
States.! One of the major problems encountered in these programs has been lightning and static-related
failures of the wind resource monitoring equipment. Lightning mitigation measures were installed and
equipment upgrades performed at four U¥WRAP monitoring stations in Nebraska. This paper details the
mitigation measures installed, describes the experience following the installation, and provides results of
data recovery rates before and after the lightning protection upgrades.

BACKGROUND

All equipment used in the U*WRAP was provided by NRG Systems. The standard lightning protection
provided by NRG for each monitoring station includes one 2-foot lightning spike, one 4-foot ground rod,
and 8-gauge copper ground wire of sufficient length to connect the spike to the ground rod. During the first
2 years of the Nebraska U*WRAP, the monitoring stations experienced a higher frequency of lightning and
static related equipment failures than had been experienced at monitoring stations in other locations. It was
determined that the existing grounding system was insufficient for the high level of thunderstorm activity
and arid climate in this part of the country. Additional lightning mitigation measures were investigated in

an effort to reduce the high cost to repair and replace the damaged equipment and improve data recovery
rates.

LIGHTNING MITIGATION STRATEGIES

Static charges build up more quickly and at higher voltages with increased distance from the surface of the
earth (ground plane). Higher velocity airflow and a more arid climate also contribute static charge build
up. Additional measures are needed on protect measurement equipment operating in these conditions.
Strategies for improving lightning and static protection suggest a three-part involving bonding and
grounding, transient/surge suppression, and structural lightning protection.

BONDING AND GROUNDING

Differences in electrical potential across or within a piece of equipment cause an equalizing current to flow.
This unintended current flow can result in damage to the equipment. The proper bonding of a tower’s
components (electrical and metallic) assures that the various components have the same electrical potential,
thereby reducing the possibility for damage.

' The Utility Wind Resource Assessment Program was initiated by the US Department of Energy and is
administered by the Utility Wind Interest Group, Inc.



For lightning and static protection, a low-impedance ground is necessary to dissipate energy from the tower
as quickly as possible. A proper ground brings the bonded tower to the potential of the surface of the earth,
therefore reducing lightning strike and static accumulation risks. Individually, the bonding and grounding
subsystems will not protect a monitoring tower. The proper interconnection of these two systems is
imperative.

TRANSIENT/SURGE SUPPRESSION

Transient voltage and current surges, as opposed to direct lightning strikes, cause the majority of lightning
damage to electronic equipment. Electromagnetic fields created during a lightning strike can induce strong
currents in nearby conductors and electrical equipment. Microprocessors, which operate on very low
internal voltages, are particularly sensitive to these surges. Microprocessors, such as those used in
monitoring station data loggers, can be damaged by a nearby strike even if it is not connected to a power or
telephone line. Surge suppressors protect the microprocessors by redirecting the surges to the grounding
system.

STRUCTURAL LIGHTNING PROTECTION

Structural lightning protection generally consists of the traditional lightning rod system. Lightning rods
promote the formation of streamers that are the precursor to a lightning strike. This system is designed to
intercept a strike and safely convey the energy to the ground. However, it is more desirable to avoid a
direct lightning strike. This can be accomplished with static dissipating air terminals, which are designed to
retard to the formation of streamers and reduce static ground charge on the structure by leaking some of it
off into the atmosphere.

WIND MEASUREMENT EQUIPMENT IMPROVEMENTS

NRG conducted a series of tests on their wind measurement equipment to improve lightning and static
protection. It was determined that the most frequent failures occurred in the anemometers installed at
the highest measurement level as well as in the data loggers. NRG targeted these two components for
performance testing in high electrostatic discharge (ESD) environments.

GROUNDED ANEMOMETERS

Anemometers frequently failed at the highest measurement level, where airflow is greater. In a dry
environment such as the high plains area, greater airflow correlates to a greater build-up of static electricity
on non-grounded surfaces. Therefore, anemometers frequently failed at the highest measurement levels. In
addition, the anemometers were mounted on anodized aluminum booms. Since anodized aluminum is an
insulator, the only ground path for built-up static charge was through the coil and down the sensor cable to
the data logger.

In September 1996, NRG Systems conducted a series of high voltage tests on the #40 anemometer. The 3-
cup anemometer consists of a 4-pole magnet and a single copper coil (bobbin wound, 4100 turns of #41
wire). Tests were conducted using a KeyTek MZ-15 EC “MiniZap” ESD
simulator applied to the copper coil. This instrument was used over an
approximately 1 m* ground plane tied to a 4 foot ground-rod via 6 feet of #10
bare copper wire.

NRG first tested for high-voltage breakdown to the coil with both leads shorted to
ground. That is, the coil was tested for insulation breakdown in “common mode”
(see Figure 1). Twelve sample coils were tested. All had insulation breakdown Figure 1. ESD Applied
discharges to the coil from the ESD simulator at 16 kilovolts. The coils did not to Grounded Coil



blow open to make an open circuit and did not change resistance. This test was then applied repeatedly to
one of the sample coils. After 50 discharges to the coil, the coil had not opened, nor had it changed
resistance. This indicates that there were no internal shorts.

The coil was then tested with the ESD applied to one end of the coil and
the other end connected to ground (see Figure 2). In this case, the
discharge current is passing through the coil. The same 12 sample coils
were tested and none were damaged by the discharge. This test was ==

then repeated on another group of 20 coils. None were damaged. The A .
ESD was then applied repeatedly to one sample. After 50 discharges, Figure 2. I,ESD Applied
the coil was not open, and it had not changed resistance. to Coil Lead

Though the wire had not been damaged, insulation damage was suspected. Microscopic inspection of the
wire in the outer layers of the coil revealed areas where the insulation was stripped due to ESD damage.
This damage could result in failures over time, since the exposed copper wire is now subject to corrosion.

NRG then investigated different methods of increasing the breakdown voltage of the coil. Two sample test
coils were made. One type was wound in the normal way (dry wound) using wire with stronger insulation
that was made in multiple layers. The second type was wound from this same improved wire, but in
addition had insulating lacquer applied to the wire as it was wound (wet wound). Tests showed that
although the breakdown voltage was slightly higher for the wet wound coil, ESD discharges to the coil
could not be prevented by improving the coil insulation.

As a result of these tests NRG developed the “Grounded” #40, which shields the coil with an earth-
grounded electrostatic shield made of copper-foil tape. Electrostatic discharges occur to the shield first,
shunting the discharge away from the coil. The shield is bonded to a grounding stud on the anemometer
and the ground stud is wired to the tower grounding system. This completes the ground path for any charge
that accumulates on the sensor.

DATA LOGGER IMPROVEMENTS

In addition to the data logger failures experienced in this study, NRG also encountered failures of the model
9300 data logger on 50 meter TallTowers™ in Norway. Failures occurred at sites with poor grounding
and cold, dry, winter airflow.

The original ESD protection system for the NRG 9300 data logger includes multiple surge absorbers, spark
gaps built into the interface circuit boards, and a steel Electro Magnetic Interference (EMI) shield which
completely encloses the main microprocessor circuit board. Low pass filters, metal oxide varistors (MOV)
and transient voltage suppressors (TVS) on the signal interface modules (SIM) protect the electronics from
high incoming voltage spikes.

The MiniZap ESD simulator was used to test and improve the ESD protection of the 9300. The MiniZap
was used to apply discharges to the inputs at the terminal strip of the 9300 logger. These tests were
performed over a Im? ground plane. The logger was grounded to the ground plane via its earth ground
stud. As a result of this test, the ground paths were improved on the signal interface and main circuit
boards, and gas tube surge suppressors were added at all signal inputs. These devices are slower to shunt
the surge to ground and trigger at high voltages (100+ volts) but act as the first line of defense before the
MOVs or TVS diodes.



EQUIPMENT INSTALLATION

Lightning and static mitigation measures were tested at four wind monitoring stations in Nebraska. Table 1
provides the location of the four monitoring stations and the installation date of the mitigation measures.

Table 1. Monitoring Station Information

Site Site Latitude/ Site Measures
Number Name Longitude Location Installed
102 Rushville N 42°42° 38” northwest 10/09/96
W 102° 42’ 54"
103 Winnebago N 42°10' 13" northeast 10/07/96
W 96° 25" 15
106 Valentine N 42°57 23" north central 10/08/96
W 100° 30’ 13”
107 Springview N 42°49° 22" north central 10/08/96
W 99°47 147

The four monitoring stations selected for lightning protection improvements are part of the eight station
Nebraska U*WRAP network. These four stations were chosen based on the high frequency of lightning
and static related equipment failures that occurred during the first 2 years of the program. Site 104,
Wahoo, was included as a control site. It uses a 40-meter TallTower ™ with the same equipment
configuration as the four upgraded stations. This site was used to compare the frequency of equipment
failures with and without additional mitigation measures for the same time period. The remaining three
Nebraska stations utilize existing communication towers, which were already equipped with extensive
lightning protection systems. Therefore, these three sites were excluded from this study.

The three-part mitigation strategy summarized previously was incorporated into the existing lightning
and static protection systems of the four Nebraska U¥*WRAP stations selected for this study. The
installation of the mitigation measures is described below. The equipment configuration is illustrated
in Figure 3.

IMPROVED GROUND CONNECTION

The sandy soil conditions and arid climate at the Nebraska sites warranted additional tower grounding
measures. Additional eight-foot ground rods were installed at all four sites. The grounding cable on each
tower was inspected to ensure that it was secure and in contact with each tower section and connected well
to the ground rods.

STATIC DISSIPATING AIR TERMINALS

Multi-point, brush-type, static dissipating air terminals were installed at each site. At two of the stations,
Springview and Winnebago, Lightning Master® model TLGS-4 dissipators were installed.> A Lightning
Master® Candelabra model dissipator set was installed on each of the remaining two stations, Rushville
and Valentine. The model TLGS-4 consists of two brush-type, static dissipating air terminals mounted
approximately 12 inches apart on a common base, The Candelabra model consists of four brush-type
static dissipating air terminals mounted at each end of two 18-inch cross members. The air terminals were
attached to the tip of the lightning rod originally installed on each monitoring tower.

? Products and Services Catalog, Lightning Master Corporation, Clearwater, Florida.
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Figure 3. Equipment Configuration

ANEMOMETER IMPROVEMENTS

The standard anemometers at the 40-meter level were replaced with grounded anemometers at each station.
The grounded anemometers have a grounding terminal on the sensor body, as well as additional coil
insulation. The grounded units were connected to the ground cable that descends each tower to provide a
conductive path for the release of static charges.

Lightning and static protection of sensors is greatly improved when sensors are located within a
hypothetical 45° angle down from the top of the air terminal. Since the UYWRAP program allows a
] meter tolerance for all prescribed measurement heights, the 40-meter redundant anemometer was
lowered at each site by one meter to place it farther within the “cone of protection” provided by the air
terminals.

SURGE SUPPRESSION

Gas tube surge suppressers were installed across each counter and analog input on the NRG 9300
CELLogger at each monitoring station. This measure allows surges induced in the sensor cables to be
redirected from the logger terminal strip to the upgraded tower bonding and grounding system.



RESULTS

Table 2 provides the equipment outages, hours of data lost, and frequency of equipment failures for each of
the four upgraded stations (102, 103, 106, and 107) and the control site (104). This table provides
information from each of the two years before the mitigation measures were installed and one year
following installation. The failure frequency for the sensors represents the number of sensor replacements
required during that period. For the data logger, the failure frequency represents the number of site visits
required to troubleshoot the problem and is not indicative of data logger replacements. Equipment failures
that were clearly not a result of lightning/static are not included in this table. It should be noted that a few
of the equipment failures included in this table could not be absolutely attributed to lightning/static
problems; however, lightning/static was determined to be the most likely cause.

Table 2. Equipment Failures and Data Recovery Rates

Before Mitigation Measures After Mitigation Measures
3/95 - 12/95 1/96 - 9/96 10/96 — 12/97
Site Equipment Hours Failure Equipment Hours Failure Equipment  Hours Failure
Failure Lost  Freq. Failure Lost  Freq Failure Lost  Freq.
102 | Data logger 0 1 40m anemometer 1878 1 NONE - -
25m direction vane 2208 I
103 | 40m anemometer 489 1 Data logger 142 4 25m anemometer 2814 1
40m anemometer 3616 2

40m direction vane 1253 1

106 | Data logger 224 2 Data logger 357 1 Data logger 0 1
40m anemometer 4930 i 40m anemometer 2096 1
107 | Data logger 487 3 Data logger 396 I NONE -~ -
......... 40m anemometer | 5359 2 | AOmanemometer 4939 1 4
104 | Data logger 8 3 40m anemormeter 3340 2 Data logger 801 3
40m anemometer 807 1
CONCLUSIONS

Despite the uncertainties in the data, it is clear that the frequency of equipment failures were significantly
higher at the four stations used in this study prior to the installation of the mitigation measures. The results
also show that Site 104 experienced more equipment failures than did any of the four stations with
mitigation measures installed.

Grounded anemometers were also tested in Colorado. The 10 station U*WRAP network in Colorado
experienced a high rate of anemometer failures at the 40-meter level during the first few months of the
program. NRG determined that these outages were lightning/static related. All 40-meter level
anemometers were replaced with grounded anemometers and there have been no lightning/static-related
failures of these units since they were installed in the fall of 1996.






