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THE HIGH VOLTAGE TRANSMISSION RESEARCH FACILITY 

Many utility engineers _k~ow the 
Hi~h Voltage Transm1ss1on Re

!-o('anh Facility, or HVTRF, the source of 
Ef'"I'- "'Red Book" or Transmission Linc 
R,fcro1rc Book-345 kV and Above. 
which ha~ become an industry standard 
nn the electrical design of HVAC lines. 
f<,rmcrly Project EHV and then Project 
liH\·. the facility still offers a full staff of 
c,pcrt~ in transmission line research and 

testing and complete electrical testing ca
pabilities. However. three important 
changes have increased .its value to the 
utility industry. HVTRF now has full bi
polar HVDC testing capabilities for any 
voltage up to ± 1500 kV The facility is 
now EPRJ's. And most important, 
HVTRFs research and testing capabilities 
are now available to the utility industry. 

Dr. Luciano Zaffanella, manager of the HVTRF, 
consults with senior staff. Pictured from right 
to left are Dr. Luciano Zaffanella (seated). Dr. 
Don Deno, Dr. Gary Johnson, and Dr. Her~an 
Schneider (seated). 
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Typical Research and Testing Projects at HVTRF 

Work at HVTRF centers on evalua
, tion of insulator performance, co
rona phenomena, electric and magnetic 
fields, and all aspects of transmission line 
design and performance. Typical test ob
jectives include the following:· 
• Operate and test full-scale prototype 
HVAC or HVDC lines 

• Determine ac and de insulator 
performance 

• Assess the nonbiological field effects of 
induced voltages and currents 

• Investigate ways to reduce radio noise 
and audible noise emanating from 
high-voltage lines 

• Evaluate the electrical strength of 
insulators subjected to surf ace 
contamination 

• Determine-the effect of tower 
geometry on air gap insulation strength 

• Develop guidelines for hybrid ac 'de 
lines 

This HVDC power supply was built by the U.S. Department 
of Energy for studies of de fields and ions. 
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The configuration of the tower and conductors 
under study are duplicated to determine surge
withstand levels. It is also possible to obtain 
switching surges with crest values up to 2500 
kV and front times up to 3000 µs. 

One of the HVTRF·s two de power supplies that 
permits testing of bipolar HVDC transmission 
lines up to :t 1500 kV. 





Test Facilities 

Located on 30 acres in Lenox, Massa
chusetts (near Pittsfield), HVTRF is 

well-situated to assess the effects of a wide 
range of weather conditions on high
voltage lines. Surrounding hills shelter 
the site from high winds and severe vibra
tion, but the facility experiences ample 
fog, rain, snow, and temperature varia
tions for electrical and environmental 
studies. 
• A full-time, experienced staff at 

HVTRF assists utilities by testing the air 

A mixture of inert material and salt is applied 
to insulators to represent field contamination. 
The insulators are then tested to determine 
their flashover voltage in the fog chamber (see 
page 11). 
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and surface insulation of line components 
as well as overall system configurations 
over a wide voltage range. State-of-the
art outdoor instrumentation measures 
voltage, weather parameters, audible 
noise, radio and television interference, 

·corona loss, ozone concentration, and 
other indicators of line performance and 
reliability. 

• 

Aerial view of the HVTRF. located in the Berk
shire mountains of western Massachusetts. 
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The main test line can duplicate any HVAC or 
HVDC line of voltages up to 1500 kV·at or 

:t 1500 kV de. "Hybrid" configurations. combi

nations of ac lines and de lines on the same 
structure, can also be tested. 

V 
(_I, .. 

. • 



: ,:"'.'':-_''' .• '!':,"-··-_". ',,_ -,"• __ · :r .:'~ _,_ ,•:· :'·:=:,,-,. .-' ·· •. , -- r ·_·· ·' .• -, •• ·-~-~-;: <--· : ··::.:·;- ··-C::'- ··;-,,;;.- ·;,>- -; 

• .-: - - • > - ~ ' - : ~· ~ ~ - - _· ' .. ' - • ,t • • ,,. • " , -=::-

!. 0 {l: 
, -

Prototype Test Lines 

Two full-scale li~es at_ H~RF can du

plicate operating Imes m voltage. 

conductor geometry, phase spacing, and 

conductor height, enabling researchers to 

evaluate a wide range of performance pa

rameters for 3 phase ac transmission for 

any voltage up to 1500 kV and bipolar de 

transmission up to ±1500 kV. The main 

test line. 523 m long, has a suspension 

span of 340 m, supported by two portal

type towers with a tower-to-ground 

clearance of 46 m. Phase spacing varies 

from 9 to 24 m; the working tension is 

22,700 kg (maximum tension 45,400 kg). 

The HVTRF crew can adjust the line 

sag ± 6 m with the line energized. Towers, 

winches, and dead-ends accommodate 

virtually any size conductor bundles. The 

line's tension-stringing equipment can 

string up to 10-cm-diameter conductors at 

9000 kg tension at a speed of 1.8 mis. 

The second de power supply (up to ::t 1500 kV) 

is a symmetrical cascade rectifier using a 
thyristor-controlled regulating system. 
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An Important Utility Resource 

Ha\·in~ completed its research objec
ti\·es as Project UHV, HVTRF can 

now offer the utility industry a state-of
the-art laboratory to help overcome the 
urgent technical challenges of building or 
upgrading a transmission line. Whether 
utilities seek to qualify a line for environ
mental acceptability, test insulators for a 
particularly complex application, or 
check the switching surge performance of 
a tower design, they can come to HVTRF 
for a quick response to their problems. 

Of ten a relatively small expenditure in 

(upper left) Instruments are placed under the 
test line at midspan to measure electric field, 
audible noise, ion current. radio interference, 
and television interference. 

the early engineering phase of a high
voltage line can save utilities considerable 
money in later stages, as well as prevent 
delays and overcome public or regulatory 
concerns about a line's environmental im
pact. HVTRF can duplicate a proposed 
line in full scale and obtain valuable per
formance data. The facility's experienced 
staff can also draw on a reservoir of data 
and computer programs from previous 
projects. helping utilities avoid duplica
tion of effort. HvrRFs in-depth seminars ·, 
communicate research results to utility 
personnel. provide field experience, and 
help engi!1eers make the best use of the 
Transm1.Ssio11 Line Reference Book. 

H\ TRF serves utilities on a first-come, 
first-serYed basis and gives utility needs 
priority over EPRI's long-range research 
goals. For ac, de, or a combination, for 
compact lines, instrumentation, insulator 
performance, or field effects, HVTRF is 
available to help utilities reduce high
voltage trar1smission costs and assure reli
able EH\" UHV performance. 

(lower leh1 Model tests are performed to sup
plement full-scale testing in the office (right) 
and laboratory buildings (left). 
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(lower right) The test line is supported on two 
portal-type suspension towers with a main 
span of 340 meters, and is terminated at two 
portal-type dead-end towers. Sag can be ad
justed with.the line energized, and a pulley sys
tem permits rapid change in phase or de pole 
spacing. 
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UHV Fog Chamber 

Because most insulaticm problems oc
cur in damp weather. HVTRF in

cludes a fog chamber that can simulate 
weather conditions leading to insulator 
flashover. The cylindrical chamber, 24.4 
m high and 24.4 m in diameter. can test 
insulator strings up to 12 m long. The 
chamber creates fog by evaporating wa
ter from large, electrically heated tanks. 

Researchers can monitor the effects of 
ac voltages up to 866 kV line-to-ground 
or up to 1500 kV line-to-line or de volt
ages up to ±1500 kV The voltage enters 
the chamber via a large plastic window or 
a porcelain wall-bushing on the opposite 
wall. 

The cylindrical fog chamber. 24.~ m high and 
24.4 m in diameter. is used when determining 
the flashover voltage of contaminated insulators for both ac and de lines. 
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Other Features 

HVTRFs_ faciliti0.- include additi0nal 

state-01-the-art equipment 10 simu

late actual line operati0n: 

• Specially built OOO-k \' arresters. U.3 m 

high, v,ith an upper shield ring 3.7 min 

diameter 

• A precisi0n SF,-insulated capacitor 

that allows highly accurate voltage and 

phase-angle measurements 

• Three UHV transformers (one 

elevated for cascadingi. two of which 

can generate switching surges vvith crest 

values up to 2500 k\' 

This elevated transformer cascades with an
other unit to supply single-;ihase voltage up to 
1700 kV. 
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Instrumentation 

A dvanced monit0ring systems all0w 
ior continuous, all-weather data 

acquisition at HVTRF. Using sophisti-
cated soft\,·are, a Hewlett-Packard JOOOF 
digital computer samples each data-input 
channel every minute, and stores the data 
on disc and magnetic tape for future 
analysis. 

Separate instrumentation systems use 
the latest technology to monitor test line 
performance under varying conditions. 

• A capacitive tap on UHV transformer 
bushings measures the voltage-to
ground of each phase 

• Various sensors, gauges, and 
transducers measure air temperature, 
dew-point, air pressure, wind speed and 
direction, rainfall, and the number of 
dust particles 

• Microphones installed in a special 
midspan test strip can scan all data 
sources for audible noise in 15 seconds 

• Single-frequency meters monitor radio 
interference detected by diamond loop 
or biconical antennas along the test strip 

• Phase-sensitive detectors measure ac 
corona loss on each phase of the test 
Jin~ 

• A chemiluminescence ozone meter 
monitors sensors located at various 
heights from ground level to 96 ft 
above the ground 

(upper right/ The operator holds the meter 
awai from himself to assure measurement of 
an un;>e,turbed electrical field under the test 
line. 

(lowe: right) The automated data acquisition 
syster;-; and digital computer record the per
formance of the line under test. 
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For additional information, contact: 
Luciano E. Zaffanella, Manager 
High Voltage Transmission Research 

Facility 
East New Lenox Road 

P.O. Box 796 

Lenox, Massachusetts 01240 
(413) 494-4356 

or 

John Dunlap, Project Mar,iager 
Electric Power Research Institute 

P. 0. Box 10412 
Palo Alto, California 94303 
( 415) 855-2305 
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Albany 
Airport 

N.Y. Thruway 
to Buffalo 

Albany. 
NY. 

N 

N.Y. Thruway 
To N.Y. City 

To 

Bradley 
International 
Airport 

Most recommended route from Albany Airport 
(Est1maled Travel Time tC al.1nules1 

From Albany Airport take Airport Rd. to Rt. 155. 
Go East to Rt. 87 (Northway). Enter Rt. 87 
Southbound. Exit 1-E (Albany). Pick up Rt. 90 
East. Exit 11-E (Nassau). Pick up Rt. 20 to Pitts
field. 
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Pittsfield, 
Mass. 

To Mass. Pike 

Most recommended route from Bradley Airport 
(Estimated Travel T,me 9: M1nutesl 

Drive east from Bradley Airport on Conn. Rt. 20. 
Enter Rt. 91 Northbound. Exit 91 onto Mass. 
Turnpike Westbound toward Albany. N.Y. Exit 
Mass. Turnpike at Exit 2 (Lee. Gt. Barrington & 
Pittsfield). Take Rt. 20 north to Pittsfield. 

---~-.>.. To Boston. 
Mass. 

---Mass. --Conn. --

To Hartford Conn. 
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Restaurant D • store New Lenox Road 
Car wash D ~:_::_:~ _ _::::_.::,=:~.:.:, __ -::;R:;X-;::R-t-----,r--r------.---0 Rolling Hills 

0 Quality Inn 

Lenox Bypass 
(Divided) 

U.S. 7 

Mass. Turnpike 




