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Complex patterns in the light beam from a laser are viewed with
this optical device, which makes even the infrared part of the pattern
visible for study The heart of the viewer is a thin fitm of liquid-crystal
material held in the round vacuum cell near the center of the picture.
When the beam from the laser (rear) strikes the film, its heat aliers
the molecular arrangement of the liquid crystals. This effect causes
color changes in the film that reveal the pattern of the beam. (For
more information, see page 60.)
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Cover Design: The complete wound statar is vacuum-pressure
impregnated as a unit in the Thermalastic epoxy insulation system for
large motors. Artist Thomas Ruddy symbolizes the submersion of the
stator windings in the impregnating resin on this month’s cover.




Thermalastic Epoxy Insulation
for Large AC Motors

Epoxy resin has replaced polyesier resin in the
Thermalastic insulation system for large motors, and
has provided improved resislance lo contaminants.

A quiet evolution in the design and construction of industrial
and power plants has been under wayv during the past 10 or 15
vears. In an effort to make such plants as functional as possible
and at the same time minimize construction costs, the struc-
ture—walls and roof—that formerly housed much of the plant
cquipment has been eliminated. The chemical industry was
perhaps the first to realize that with the product under manu-
facture adequately contained and protected in a maze of
piping, tanks, and vats, further protection with a building was
superfluous. This trend has spread to many industries with the
result that most of the equipment involved, including large ac
motors, must now be designed to be self-protected against the
clements.

The introduction of Thermalastic insulation on large ac
motors in 1953 did much to accelerate the trend. This was the
first insulation system to offer a high degree of moisture and
contaminant resistance, and it cnabled users to place motors in
outdoor locations where other insulation systems would have
failed in a prohibitively short period.

Thermalastic insulation is a system consisting of large mica
splittings, preplaced on the coil being insulated in either tape
or wrapper form, and subsequently vacuum-pressure impreg-
nated in a solventless resin. The tape or wrapper requires a
backing material, which can be of cither woven or nonwoven
fibers, and a bonding resin which must be capable of co-
rcacting with the impregnant. Upon completion of the vacu-
um-pressure impregnation, the coil with its insulation is sub-
jected to heat and pressure, which initiates the polyvmerization
of the resin, changing it from the liquid to the solid state. In its
final condition, Thermalastic insulation consists of a series of
overlapped mica splittings locked and held in place with
tough, impervious films of thermosetting resin.!?

The original Thermalastic insulation for large motors macle
use of polyester resins as the impregnant and tape bond. This
insulation system has achieved an enviable record of success in
many industrial and power plant applications and continues to
establish new records in operating reliability. [Towever, there
were some instances, particularly in the chemical industry,
where tests indicated the polyester resin was somewhat de-
graded by the presence of the product being manufactured.
Typical instances involved acrylonitrile, soda ash, perchlor-
ethvlene, and other chlorinated solvents. In cach case where
an indication of attack on the polyester resin was discovered,
an attempt was made to find a material that would resist at-
tack, and in cvery case, the material that showed best resist-
ance to these chemicals was an epoxy resin.

This ardcle was prepaved from information supplied by J. C. Bous, L. P. Connors,

L. P. Petrich, D. A. Rogers, R. M. Sexton, and S. . Stabile, Westinghouse Large
Rotating Apparatus Division, Last Piusburgh, Pennsylvania.

Epoxy resins differ in their basic chemical composition from
the polvester resins, and when cured the molecular structure
provides an extremely high degree of inertness and consequent
resistance to contaminants. Epoxv resins are also noted for
their excellent bonding ability and are widely used today in
bonding metals, ceramics, and other materials in critical ap-
plications where other agents have been unsatisfactory. In de-
veloping the epoxy resin insulation system, the approach taken
was to substitute resins while maintaining the basic processing
techniques that had proved so successful over the vears.

About ten vears ago, the Westinghouse Research Laborato-
ries started screening available epoxy resins and catalvtic
agents to find a combination that could meet all the require-
ments of the Thermalastic process. After many tests, a blend of
resins was developed that offered sullicient promise to warrant
pilot plant operation. It then became necessary to decide upon
the exact method of operation to be used in such a plant. With
polyester resin, it had been the practice to impregnate individ-
ual coils and polymerize the resin in a heated press that also
sized the slot portion of the coil. This produced a coil of high
quality, but it left the problem of insulating the joints between
coils and the connections between pole groups and main leads.
All ol the Thermalastic materials had been used on those
areas, but resin had heen applied by brushing between layers
of tape during application instead of by impregnation. Al-
though this is a satisfactory process, it is entirely dependent on
operator performance; a prelerable method would be to im-
pregnate those portions of the winding as weli as the coiis.

Fortunately, another ac motor innovation that had preceded
these developments by a few months fitted ideally into a new
insulation concept. In the F/A (for I'ully Accessible)? motor
design, the stator core, which consists only of punchings and
restraining end plates, is built as a separate component and is
thus available for installation of the stator coils without the re-
stricting influence of associated structural parts (Fig. 1). This
construction made it possible to vacuum-pressure impregnate
the complete wound stator and provided maximum exposure of
the coils and connections to the impregnating resin.?

A pilot plant capable of processing motors with ratings up to
1000 horscpower was started early in 1960. At first, develop-
ment stators were wound with “dry” (unimpregnated) coils,
then impregnated, cured, and subjected to an exhaustive
evaluation and test program. The results were so promising
that it was decided to process a limited number of production
orders in the pilot plant. Some 70 motors were manufactured
in this manner starting in the summer of 1960. These motors
arc now entering their fifth yvear of service.

More claborate and permanent facilities were completed in
November 1962 and have been in continuous use since. The

1—Wound stator assembly is shown in a typical I'/.\ moior.
2—Stator is mounted on winding fixture for coil assembly.
3—Wound stator is being removed from impregnation vessel.

4+—Stator is placed in rotational device during curing process.
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size of the facilities is such that nearly all motor ratings can be
accommodated: the present range is about 300 to 15,000
horsepower at voltage ratings up to a maximum of 7000 volts.

The initial step in preparing a stator for impregnation is
shown in Fig. 2. The stator core is mounted on a pair of rings,
which are in turn supported by adjustable rubber wheels, thus
providing complete operator control of stator position. The
coils are pretested clectrically, both between turns and to
ground, but are unimpregnated during the assembly process.
The coils are casier to handle while unimpregnated, and this,
along with the case ol stator positioning, simplifies coil in-
stallation and assures an exceptionally high level of quality
control. After all coils are installed, wedged, and braced, a
sccond series of clectrical tests is made to assure that both
ground and turn insulation are adequate,

Following these tests, the connections are brazed and in-
sulated. The basic steps of the impregnation process are exactly
the same as they alwayvs have been for Thermalastic insulation
—the stator is placed in a pressure vessel, the air in the vessel is
evacuated to a very low absolute pressure, and the impreg-

nating resin is introduced to completely submerse all parts of

the winding. "The vacuum is then released and replaced by a
positive pressure of several atmospheres over the liquid resin.
Following these steps, the surplus resin is drained away. An
impregnated but still uncured stator is shown in Fige. 3.

The final step in the impregnation process can be scen in
Fig. 4. The stator, still mounted on the ring fixtures, is placed
in an oven. The resin cures while the stator is slowly rotated.
This rotational cure minimizes resin runout and provides a
smooth surface on the coil end turns.

Test and Evaluation Program

The use of an epoxy resin with the Thermalastic insulation con-
cept is not a radical change but, rather, a development in an

Table 1—Resistance to Chemicals

evolutionary process. Nevertheless, an intensive evaluation
program was undertaken to assure both manufacturer and
uscr that the new product was satisfactory lor service. (To dis-
tinguish the new system from its predecessor, it is called
“Thermalastic Epoxy™.)

Complete evaluation of an insulation system for machines
with an cexpeeted operating life in the order of 20 vears is a
complex process, and it would not be feasihle here to go into
detail regarding all the phases ol testing. However, the basic
requirements of any insulation system for large motors are:
(1) adequate voliage endurance, or the ability to withstand
continuous clectric stress for the life of the motor; and (2) ade-
quate thermal endurance. Both of these properties were
thoroughly investigated, and Thermalastic Epoxy was found
to e equal to or slightly better than earlier versions of service-
proven Thermalastic insulation in these important character-
istics. In other properties, Thermalastic Epoxy insulation has
shown distinct advantages.

AMousture Resistance—Perhaps the most outstanding advantage
of the Thermalastic Epoxy insulation system is moisture re-
sistance. Of all the contaminants motors encounter in service,
moisture is by far the most predominant. Therefore, tests of
moisture resistance were conducted on a broad scale. The first
screening test consisted of placing insulated coils designed for
2300-volt motors in tanks of water, applying 1300 volts to the
coils, grounding the tank, and measuring tota! hours to failure.
This was done in both salt and tap water, with the results
shown in Tig. 5. The outstanding moisture resistance of cpoxy
resin was apparent.

Complete stator windings were tested also. In one test, com-
plete wound stators were submersed in water and insulation re-
sistance was measured over a ten-minute period. This test has
been made with great frequency on motors with many different
ratings and always with outstanding results; those shown in

Weight Change, Thickness Change,

Resin System Percent dercent Rating
Acids (hydrochloric, acetic, etc.) Thermalastic Epoxy None None Fxcellent
Thermalastic (Poly) None None Excellent
Silicone Rubber +5 +8 Good
Buases (sodium hydroxide. etc.) Thermalastic I'poxy None None Excellent
Thermalastic (Poly) +21 +4 Iair
Silicone Rubber None +8 Good
Ketones (accrone, methyethyl ketone, etc.) Thermalastic Epoxy +12 +5 Good
Thermalastic (Poly) Decomposcs Poar
Silicone Rubber +3 +31 Poor
Aromatics (toluene, xylene, benzene, etc.) Thermalastic LEpoxy None None Excellent
Thermalastic (Poly) Decomposes Poor
Silicone Rubber —4 +58 Poor
Chlorinated Hydrocarbons (teichlorethylene, Thermalastic [poxy +7 +1 Lxcellent
methyl chloroform, etc.) I'hermalastic (Poly) Decomposes Poor

Silicone Rubber ~2 +46 Poor
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Pipeline pumping stations are typical applications for Thermalastic
Epoxy insulated motors.

Fig. 6 are typical. Also, a long-time test has been made on a
wound stator exposed to 100-percent relative humidity at 50
degrees C. All of these tests demonstrate consistently the un-
equalled moisture-resistant properties of epoxy resins as used
in the new insulation system.

Mechanical Properties— An insulation system in a motor must
withstand many types of mechanical forees. It must have some
flexibility to withstand deformations caused by across-the-line
starts and thermal cycling, yet it must be rigid enough so that
it can be adequately wedged and braced to withstand the
rigors of service.

In devising tests to measure these two diametrically opposite
characteristics (flexibility and rigidity), service simulation was
the predominant objective. Two tests were developed to check
these properties on the standard production motor design:

1) The wound stator of one motor was completely im-
mersed in a tank of water and its insulation resistance mea-
sured. Following this the stator was assembled in the motor and
subjected to 1000 across-the-line starts at its rated voltage of
4000 volts. The motor was then disasscinbled and the wound
stator again immersed for 260 hours. Insulation resistance
measurements were made just following immersion and after
96, 168, and 260 hours under water. Test results are shown
in Fig. 7.

2) The wound stator of a second motor was subjected to
severe thermal cycling. The winding was packed first with dry
ice until the winding temperature, as measured by detector,
reached —40 degrees C; then the dry ice was removed and the
stator placed in an oven preheated to 125 degrces C. This eycle
was repeated several times. Then the stator was immersed in a
tank of water, and insulation resistance was compared 10 a

similar test made before the start of the cycling. The results are
shown in Fig. 8. (The higher value after cycling is due to a
combination of temperature variation in the water bath and
some further curing of the resin.)

Resistance to Chemical Contaminants— A third outstanding
property of Thermalastic Epoxy insulation is its resistance to
many commonly encountered chemicals. Thermalastic Epoxy
insulation has been tested with enough industrial chemicals to
demonstrate that it has the best resistance to a broad range of
chemicals of any of the commercially available insulations for
large motors (Table I).

Service Experience

In the five years that Thermalastic Epoxy insulated motors
have been in service, they have established an outstanding
reputation for reliability. About 1500 of these motors are now
in service in a wide varicty of applications. Of these, perhaps
the most outstanding from the standpoint of total service and
range of climatic conditions are those on the Mid-America
Pipcline. On a line that reaches from Texas to Wisconsin, 30
motors, all mounted outdoors, have served since installation
four years ago without a single winding difliculty.

Many other pipelines, including the Colonial, also have
installed Thermalastic Epoxy insulated motors, as have many
power houscs and other industrial plants. In all cascs, service
experience with the epoxy system has Westinghouse ENGINEER

been excellent. March 1965
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Static Drive Systems Serve Textile
Processing Lines

As the cost of semiconductor diodes, thyristors, and transistors
decreases with greater production volume and better manu-
facturing techniques, static drive systems become less expen-
sive. This cdecrease in system cost (along with the advantages
of static operation) makes the systems more competitive with
older drive systems, which increases their use. Increased use
raises the production volume of the static semiconductor de-
vices. which tends to lower the cost of those devices to con-
tinue the cvcle.

The static range drive systems on textile finishing lines at
I'he Springs Cotton Mills Grace Bleachery near lancaster,
South Carolina, illustrated here, exemplify the modern static
drive. "The systems have been in successful operation for more
than a vear. Theyv were designed by the Westinghouse General
Industries Systems epartment, which has chosen this type of
packaged drive system as its stancdard for textile industry
applications.

39

Textile finishing lines (or “‘ranges™ . such as those used for
bleaching, calendering, dyeing, printing, and tenting, consist
of successive sections of machinery. The sections have to be
driven in unison at varying speeds. This requirement has
made adjustable-voltage de drives the favored tyvpe, with the
adjustable dc voltage traditionally supplied by m-g sets. In
the new static drive, however, static power-conversion modules
replace the m-g sets. Regulator and exciter modules also are
static units that use semiconductor devices.

The systems have 10 to 15 percent better efficiency, require
less space and maintenance, and need no special mounting.
The static power equipment is suppliee as ncar-standard func-

Textile finishing line at The Springs Cotton Mills Grace Bleachery is
driven at various speeds by an accurate and trouble-frec thyristor
static drive system. Cloth is shown being delivered from a washer to
an accumulating device called a scray.
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tional packages in ratings from 5 to 150 horsepower, and units
can be operated in tandem for higher horsepower ratings. The
equipment is enclosed in a cabinet of NEMA 1 construction.

The packaged power unit converts incoming 60-cycle ac
power to dc power for the drive motors. A power transformer
reduces line voltage to the proper level for a three-phase
thyristor bridge and isolates the bridge from the line. This
bridge rectifies the output of the transformer and supplies ad-
justable-voltage dc power to the drive-motor armatures.

In operation, the range operator sets a speed-setting poten-
tiometer to the desired product speed. This establishes a
refercnce signal for an operational controller that controls

Small size and light weight of the packaged power supply and
control equipment make it practical to mount the package near the
process machinery (above). Since there is no rotating power conver-
sion equipment, no special mounting base is needed.

Operator’s control board (right, abore) enables operator o control
and monitor the equipment with speed-setting potentiometers, motor
field trim rheostats, pushbuttons, selector switches, and indicators.
A NEMA 1 cabinet (right) houses all the power-conversion, regulator,
and exciter circuitry. At upper left are the thyristor bridge and the
control modules that turn on the thyristors at the proper phase angle.
Dynamic braking equipment and overload relays are at upper right,
and the power transformer is in the bottom of the cabinet.

gating amplifiers and functions as a counter-emf regulator to
hold the selected speed within plus or minus two percent of the
top value. The gating amplifiers turn on the thyristors at the
proper phase angle to produce the dc voltage at the drive
motor armatures that provides the desired product speed.

The Springs Cotton Mills systems include dynamic braking
contactors and resistors for group braking of motors. Indi-
vidual thermal overload relays for each motor open the line
contactor and close the dynamic braking circuit if they are
tripped by an overload. Motor acceleration and deceleration
times are adjustable from 2 through Westinghouse ENGINEER
120 seconds. March 1965
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A New Concept in Control Centers

Even with time-tested equipment, occasionally it is
worthwhile to ““start from scralch” and design the
particular element without regard to previous practices.
This has been done with control centers, one of the
most_familiar pieces of equipment in industrial plants
and commercial buildings. The result is a control
cenler that is much more functional and useful

Sfrom the user’s standpoint.

Control centers are the ‘““ncrve center” of most industrial
plants and commercial buildings, providing central control of
motors or feeder circuits; main power is fed to a bus in the
center, then distributed to the local circuits. A control center
consists of a structure, which contains a number of control
units; each control unit, in turn, contains the necessary equip-
ment—such as a motor starter, circuit breaker, and relays—
to perform its specific function. These units vary in size, de-
pending upon their function, so that a particular structure
contains twe or morc units. In many instances, units in one
structurc must be interconnected with units in one or more
other structures, to provide necessary control.

With few exceptions, control centers have changed but
little in many years. Recently, however, engincers have devel-
oped an entircly new control center based on a new approach;
the new design is not only safer and simpler, but importantly
is morc flexible and more accessible.

‘The new control center also has a redesigned line of control
components, for improved reliability. Among these compo-
nents are motor starters (A-200) which are smaller, inter-
changeable in different capacity ranges, and have up to eight
independent interlock contacts. Other new components in-
clude circuit breakers (A scries), pushbuttons, and relays.

T'he new control center (T'ype W) houses standard assem-
blies of controls for individual control of three-phase loads.
It can scrve typical loads up to 100 hp, 220 volts, or up to
200 hp, at a maximum of 600 volts. Feeder circuits can also be
controlled.

Flexibility

Control centers traditionally are assembled by bolting together
twenty-inch-wide modular compartments. If additional space
is needed, a full twenty-inch-wide compartment must be
added, or a special compartment fabricated to provide the
space required.

The new Type W design uses an integral frame structure
with single top and bottom frames. Individual vertical frames
separate the vertical compartments and wircways. The top

W. L. McKeithan is Engincering Manager of the Low-Voltage Distribution Fquip-
ment Division, Pittsburgh, Pennsylvania.

by W. L. McKcithan

and bottom frames are punched to receive the vertical frames
at 415-inch incremental spacings.

Thus, the vertical compartments can vary in width in 415
inch increments. The standard vertical compartment is 1315
inches wide, and the standard wircway is 415 inches wide.

Compartments can be wider or narrower than the standard
where special applications require; and the wireway can be
expanded to 9 inches or more where necessary.

Control units are available in vertical increments of 6
inches. The smallest unit housing is 12 inches high. The
vertical compartment provides 72 inches of unit space to
accommodate up to six control units (total control center
height is 90 inches). This permits a maximum of six 12-inch
units in one compartment. Any unit can be mounted at any
clevation in any compartment.

Two depth dimensions are available—15 and 20 inches.
The standard depth is 15 inches; it provides compartments
for units mounted in the front only. The 20-inch depth is used
when units are mounted back to back. The back-to-back units
usc a common vertical bus. T'he common wireway extends the
full depth of the compartment, providing increased wireway
cross section.

This incremental-spacing approach provides the user with
unusual flexibility in specifying a wide variety of arrangements
in his control center. The design also permits future changes
and additions to be made with maximum ease. A cutaway
skctch of the control center is shown on the next page.

Accessibility

Perhaps the most significant feature of the new Type W con-
trol center is its improved accessibility.

Elimination of the double-wall partitions between vertical
compartments in the new design simplifies installation, main-
tenance, and future wiring changes.

Wireways arc common to two compartments and permit
jumper connections between adjacent compartments. This is
possible because the unit terminal blocks are mounted hori-
zontally in the front, and are accessible from either side.
Wires enter the wireway through the side of the unit housing.

A wireway shared by two compartments also allows larger
actual wircway area without reducing space cfliciency. Addi-
tional area is picked up by making the wirecway the full depth
of the control center. The full-depth feature also permits
access to the wireway from both front and back of the control
center. Thus, two men can work simultancously.

The full extent of this access advantage is rcalized in the
back to back option. Jumper wiring can be run directly be-
tween any of 24 units in four compartments, so there is casy
access to all wiring between unit terminal blocks.

The wireway provides ample space, rcady and available
for any wiring arrangement called for. In cffect, the control
center is designed around the wireway, for maximum con-
venience of user.

Another advantage of climinating the double-wall par-
titions between vertical compartments is the resulting free
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Main Horizontal Bus

Vertical Bus
Circuit Breaker
Wireway Door
Terminal Blocks
\\'ir(‘\\'ily

Frame

Conduit

space throughout the entire base of the control center. This
makes the location of all conduit terminations less critical.
For example, the conduit terminations can be brought up
anywhere within the outline floor dimensions, Fig. 1. This
makes installation simpler and faster.

Removable end sheets allow access to the interior, im-
possible with conventional cubicle-type construction. This
again could simplify installation. Headroom over the hori-
zontal bus has been increased to provide easier cable con-
nections to the terminals. The top of the individual control
unit enclosure has been opened up to give ready access to in-
terlock terminals with the unit in the “tilt-out™ position, or
completely removed from the structure.

Safety

Isolation of the power-distributing bus is a primary safety
consideration. Wireways are isolated from the bus structure
and it is impossible to make contact with the bus after a unit
housing is slid into its cubicle. The back plate of the unit
housing separates the control components from the bus.

Power connections are made directly to the bus through
insulated staly connectors that project through the unit hous-
ing; no power cables extend into the bus compartment.

There are four primary safety measures “built-in> to the
control center to provide positive operator safety:

1) The control center has a “dead-front” design. This
means there is no possibility of touching a hot line or ter-
minal {from outside the control center.

2) The unit door cannot be opened while the unit is energized.
This is accomplished by a door interlock lever mounted on the
operating mechanism of the disconnect device. This lever en-
gages a bracket on the inside surface of the door when the door
is closed, and prevents movement of the door until the discon-
nect is opened, Fig. 3. A simple mechanism is provided so
skilled personnel can override this interlock.

3) When the door is open, the disconnect cannot be closed
inadvertendy. The spring-loaded door interlock lever slices
forward into a notch when the door is opened, preventing
movement of the device operating handle.

Also, since the operating handle of the disconnect device
is mounted directly on the device, accidental closing of the
disconnect can be prevented whether the door is open or
closed, I'ig. 4. A spring-loaded pawl is pulled from the oper-
ating handle and padiocked. With the pawl extended, the
handle cannot be moved.

1—This cutaway sketch shows some of the details of the new control
center. Note that the construction allows wiring to be brought up
through the conduit anywhere within the frame. Note also thai the
common wireway for the (wo units shown greatly simplifics wiring
of each control unit at their terminal blocks; the common wireway
also simplifics interconnecting any two control units, regardless of
their relative locations. Individual control units have stab connectors
that plug directly into the vertical bus; no power cables extend into
the bus compartment.

'World Radio Histo
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4) The unit can be disconnected from the bus simply by
sliding the unit forward on its tracks after disengaging a
latch. Once the unit is forward and de-cnergized, an addi-
tional latch prevents further movement of the unit. The
unit can be padlocked in this position, Fig. 3.

Simplicity

Probably the greatest simplifving influence has been the use
of incremental spacing. Units can be installed in any desired
arrangcment within any compartment, and the common
wireway simplifies installation and service.

The operating mechanism for the disconnect device is
mounted dircctly on the device, and its design has been greatly
simplified. Traditionally, the operating handle has converted
the reciprocating mode of operation of the device to rotary
motion. The new design eliminates this conversion  step,
provides a straight reciprocating action of the handle (up
and down), and simplifies both the mechanism and its
operation; reliability is also improved because this is a direct
operating mechanism and has fewer parts.

All the control unit components—including starters, break-
ers, terminal blocks, and auxiliary devices—have been rede-
signcd, making them smaller. This results in control units
having reduced size and weight, permitting casier handling
and removal from the control center. Also, with this reduction
in size, more starters can be deliveredl in a given-sized shipping
section, minimizing installation cost. In addition, this reduc-
tion in control center size reduces floor space required.

The new control center is based on preferred features
requested by users. In fact, typical customers were asked to
examine the prototype and point out weaknesses they could
see from cither the standpoint of installation or use. Thus,
the final design was heavily influenced Westinghouse ENGINEER
by users’ preferences. March 1965

2—Control center is designed for service to 600 volts. Each door
provides access to a removable unit that contains control components
for onc load, including main disconnect device and motor starter.
Fach vertical stack of unit housings forms one compartment; up to
six comparunents can be shipped as a single structure.

3—Open door shows operating handle mounted directly on main
disconnectdevice. When unit is energized. the door cannot be opened.
A lever on the disconnect engages the bracket on the door. Also, when
door is open, unit cannot be energized. The spring-loaded lever
slides [orward into notch when door opens, preventing movement of
the operating handle. Note the terminal block. located at the front
for simpler connection. Wiring from the wireway, although not
shown here, would enter the space below the terminal block and then
be connected to the block. The unit is shown here in a forward, de-
energized position. Rotation of the screw and finger (see padlock)
into the position shown simultancously rotates a second steel finger
farther back on the shaft into a position that maintains the forward,
de-encergized position. The padlock is a safety device to prevent rota-
tion of the shaft.

4—With pawl on operating handle extended and padlocked, han-
die cannot be moved to energize the contol unit. Pawl accepts up to
three padlocks.
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A Modular SFBCircuit Breaker
Design for EHV

A new live-tank circuit breaker, an assembly of series-
connected interrupter modules, utilizes the excellent
arc-interrupting abilily of sulpur-hexafluoride gas.

Power circuit breakers for 500-kv and 35,000-mva interrupting
capacity are being installed for service on the Virginia Electric
and Power Company EHV system. Thesc breakers will be the
first of this voltage and interrupting rating to go into service in
the United States. They use ST as the interrupting medium,
but unlike previous SFs breakers, are of modular design so that
the same basic live-tank module can be used in combinations
to make up breakers for 345-, 500-, and 700-kv service.

Modular Design

The new SFs live-tank module utilizes a modification of the
interrupting clement now in service in 230- and 138-kv dcad-
tank designs. A breaker pole is made up of two, three, or four
of thesec modules connected in series, depending upon the volt-
age for which the breaker is to be used. Each module is mounted
on its own insulated vertical column, the length of the column
being commensurate with system voltage. The first breaker of
this type, being 500 kv, uses three series-connected modules
per pole, as shown in the photograph. Two modules are used
for a 345-kv pole, and four modules for 700 kv.

A three-phase breaker consists of three parallel poles with
the controls connected clectrically, and with one compressor
serving the SFs gas system and one compressor serving the
pneumatic system. The poles are not otherwise interconnected
mechanically. Each pole unit has its own operating mecha-
nism, which mechanically links together all moving contacts
and blast valves of the pole.

All columns of each pole are mounted on a single base. Each
base for the three poles is identical except for minor details; for
cxample, a central control housing containing the gas and air
compressors is mounted on the middle pole. The air compres-
sor supplies air to reservoirs mounted on the bases of cach of the
poles in close proximity to the pneumatic operating mecha-
nisms. The gas compressor supplies SFs gas to high-pressure
reservoirs located on each of the base frames, and through them
to the smaller high-pressure reservoirs in the modules. The
mcchanically interconnected moving contacts and blast valves
of ecach pole are opened by stored energy of torsion springs in
the modules, all released by a single trip coil. All contacts for
cach pole are closed by a single pneumatic mechanism located
at ground potential.

Interrupter Modules

Each module contains two breaks in scries, with cach break
good for the maximum voltage that can be impressed on any
onc break when the module is part of a breaker operating at
the maximum rated voltages of 362 kv, 550 kv, or 765 kv. The

The authors are with the Power Gircuit Breaker Division, Westinghouse Electric
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essential clements of the module are identified in the schematic
cross scctions shown in I'ig. 1. The tank forming the central
section of the module is a part of the low-pressure system.

The high-pressure reservoir, which provides SKg gas storage
close to the interrupters, is located on the inside wall of the
tank opposite the access door. A blast valve is mounted on the
high-pressurce reservoir and supports the bearings for the rotat-
ing contact arm that surrounds it. When the blast valve is
opened, gas is discharged radially outward, through the hol-
low crossarm to the contacts and interrupter chambers.

The moving contacts, which rotate through arcs of approxi-
mately 40 degrees, engage stationary contacts mounted on the
inner ends of two insulating bushings. These bushings are gas
filled and extend horizontally from the ends of the tank along
the longitudinal axis of the pole unit. The inner ends of the
bushings also support resistor assemblies, which are connected
in the circuit only during closing operations to minimize switch-
ing surgces.

The mechanical linkage system within the module, which
opcrates the contact crossarm and blast valve, is connected
through an insulating operating rod to the mechanical linkage
at ground potential. A tension force exerted by the insulating
opcrating rod closes the contacts. A torque bar located in the
module linkage system provides a high-force, low-incrtia ener-
gy source for high initial acceleration of the crossarm and blast
valve toward the open position. The blast valve opens rapidly
and remains open until the contacts approach the full-open
position. The blast valve does not operate during the closing
opcration.

Insulating Columns

The insulating column that supports cach module is made of
several insulators, the number and length depending on the
rated BIL of the breaker. The insulators and the scaling gas-
kets at their ends are held in compression by four spring-loaded
insulating tie-rods extending the length of the column. These
tic-rods also give the column sufficient stability to withstand
high winds and carthquake shocks.

The column is filled with low-pressure SFg and forms part of
the low-pressure reservoir, providing a channel through which
low-pressure SFs can return to ground potential. The hollow
column also houses the vertical operating rod and an insulating
tube that conducts high-pressure SFs gas from the large reser-
voir at ground potential to the high-pressure reservoir in cach
module. The columns are mounted on a steel chamber, which
is a low-pressure, gas-filled part of the base-frame assembly. A
low-pressure gas line connects the base chamber to the low-
pressure manifold in the central control housing. A shaft,
passing through a gas-tight scal in the wall, connccts the
vertical operating rod to the horizontal linkage of the pole
unit. The high-pressure gas line passes directly downward
through the basc to the high-pressure reservoir.

Fully-assembled 500-kv SFy breaker rcady for hookup at the Mt.
Storm station of the Virginia Electric and Power Company.
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Gas System

The SFs gas used in this breaker is contained in a scaled system,
part of it operating at about 240 psig and part at about 45 psig.
Gas from the low-pressure system is pumped by a simple, main-
tenance-free gas compressor to the high-pressure system. High-
pressure gas is returned to the low-pressure system when the
breaker opens and a short blast of high-pressure gas is dis-
charged through the interrupters.

A schematic diagram of the gas system is shown in Fig. 2.
The compressor control switch and the low-pressure alarms and
cutouts are temperature compensated and therefore operate as
a function of the gas densities. When gas density in the high-
pressure system is reduced by discharge through the blast valves
or by slow leakage from the high-pressure system to the low-
pressure system, the compressor governor switch is actuated,
and starts the gas compressor. Valves at the high-pressure and
low-pressure manifolds permit the isolation and servicing of the
individual pole units. Differential-pressure alarms are actuated
if the breaker is operated while any reservoir remains shut off
from its manifold.

To satisly ASA C37, breakers should be designed for normal
ambient temperatures down to —22 degrees F, and since even
lower temperatures may be encountered in specific cases, the
high-pressure SIg tanks are equipped with heaters and covered
with thermal insulation. The heaters are controlled by thermo-
stats located at the bottom of each tank.

When temperatures are low enough to cause condensation,
the SIg system functions as a vapor-heating system. The heater
vaporizes any condensate in the large lower high-pressure res-
ervoir. The warm gas flows upward to the high-pressure reser-
voirs in the modules to replace gas that has cooled and con-
densed. Condensate in the upper reservoirs drains into special
elbow connections at the tops of the high-pressure tubes, and is
returned to the lower tank. The lower tank is tilted slightly so
condensate from all modules will collect at one end, where it is
detected by the thermostats.

Prneumatic Qperating Mechanisms

The SFs EHV breakers can be supplied with rated interrupting
times of two or three cycles, depending upon the pnecumatic
operating mechanism used. The operating mechanism is lo-
cated between the columns of a pole unit so that differences in
the lengths of the operating linkages to the moving contacts
can be made as small as possible.

The first EHV SFg breakers have an interrupting time of
three cycles, and use an operating mechanism that is also used
in other breakers. The pole units of these breakers have a lever
box in line with the horizontal rods between two columns. It
adapts the approximately constant force of the pneumatic op-
crating mechanism to the module load, which increases rapidly
as the closed position is approached. The operating mechanism
is located directly beneath the lever box and contains the trip-
ping coil and holding latch.

A new operating mechanism has been developed to give the
rated interrupting time of two cycles. It contains a lever system
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that adapts the input of the pneumatic cvlinder to the output
needed for the operation of the horizontal rods. Consequently,
it is located in line with the horizontal operating rods between
columns. The latch is arranged to reduce the inertia of the parts
that must be moved during high-speed tripping.

Module Bushings

The horizontal entrance bushings for the modules are a de-
parture from conventional bushing designs (Fig. 3) in that a
single top plate replaces the spring bowl. By nesting the com-
plete spring cluster and flexible diaphragm cylinder within the
porcelain weather casing, the outer end of the porcelain is elec-
trostatically shielded from high-voltage gradients in air.
The toroid-shaped top plate further adds to this shiclding
complex, thus producing a bushing not only free of corona at
maximum line-to-ground voltage, but also capable of effec-
tively shielding most line terminals.

Low-pressure SFg is admitted to each bushing from the inter-
rupter module through a filter that prohibits the passage of in-
terruption by-products.

The industry’s concern for the possible vulnerability of hori-
zontal bashings to flashover when moist and contaminated
prompted an extensive laboratory investigation into the mech-
anism underlying such flashovers. A significant result was a
new ‘“‘dog-bone” porcelain design, so named because of the ap-
pearance of its cross-section, as shown in Fig. 3.

This new design has been proved most effective. Droplets of
moisture, made conductive by surface contamination, are
forced to run around the insulator circumference in grooves at
the crest or base of each shed and drop to carth without any
axial migration. Those droplets that do roll over the edge of a
shed drop off the sharp undercorner and fall to the root groove
without wetting the protected undersurface. Actually 46 per-
cent of the total creepage is protected by the overhanging skirt
—a most significant statistic on an insulator whose creepage-to-
striking distance ratio of 2.8 approaches the practical maxi-
mum of 3.0.

Insulation: Coordination

Three fundamentals of insulation coordination must be ob-
served in designing a live-tank circuit breaker:

1) The breaker must not flash over internally under any nor-
mal or expected abnormal condition,;

2) External flashovers must go to ground without shunting
the open breaker contacts;

3) The weakest internal breakdown path should be across
the open or partially open contacts to prevent internal shunt-
ing of the interrupter.

To achieve the required withstand voltage when circuit-
breaker contacts are closed, the support insulation must be
high enough above ground to prevent flashover at voltages less
than one per-unit, where one per-unit is the required with-
stand voltage, such as rated BIL.. Consequently, when circuit
breaker contacts are open, the insulation strength of the lead
bushing is added to the onc per-unit strength of the support
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column. Thus, if one per-unit were also the external insulation
strength across the six horizontal bushings (of a 500-kv breaker
pole) and if 0.22 per-unit will appear across the lcad bushing,
the open-circuit external withstand of the circuit breaker will
be 1.22 per-unit to ground down the support column, but only
1.0 per-unit across the contacts. Obviously, this situation would
violate the second stated fundamental of insulation coordina-
tion because flashover could occur across the bushings, thus
shunting the open contacts.

However, if the external withstand voltage across the bush-
ings is at least 1.3 pu, then the external withstand from an open
circuit breaker’s energized terminal to ground over the lead
bushing and support column becomes:

(1.3 pu) (0.22)+1.0 pu=1.29 pu.

Now the breaker will flash to vround down the column rath-
cr than across the bushings. The first term in the above equa-
tion indicates that the external withstand of a single bushing
must be 0.29 pu, corrected for atmospheric conditions; and it
follows, in line with the first stated coordination fundamental,
that the internal withstand of a single interrupter and bushing
must exceed 0.29 pu, uncorrected.

Parallel  Protective Gaps—When a current transformer s
placed on the line side of a live-tank circuit breaker, its line-to-
ground insulation normally will be chosen to coordinate with
the system and breaker by also being one per-unit. The current
transformer insulation always is subjected to the full line-to-
ground voltage regardless of whether the circuit breaker is
open or closed. It will, therefore, act as a parallel protective
gap in conjunction with the circuit-breaker support columns
if the contacts are closed, or singularly if the contacts are open.
This is not a desirable situation because:

1) A porcelain surface that is designed to adequately coordi-
nate when wet and contaminated must, of necessity, have ex-

First pole of a 500-kv SI'; circuit breaker during assembly.

cessive voltage withstand strength if clean and dry. Such varia-
tion makes any porcelain insulator or bushing unreliable as a
coordinating gap.

2) A coordinating gap also may carry a power-follow arc,
which should not be drawn necar the surface of a porcelain
column.

Coupling the above facts with the realization that many vari-
ables will be encountered that can upsct the coordination cal-
culations of the previous section, such as heavily contaminated
bushings, parallel protective gaps should be installed on the
system ithead of current transformers. Such gaps should be set
to coordinate within the spectrum of lightning arrester char-
acteristics and line design factors—but never greater than either
the circuit breaker impulse or switching surge requirements.
Thus, if circuit-breaker and current transformer support in-
sulation has a voltage withstand in excess of one per-unit under
the most severe requirement, sale and effective insulation co-
ordination is insurcd through the use of a parallel protective
gap. A schematic of an ideally gapped and coordinated circuit
breaker-current transformer combination is shown in Fig. 4.

Breaker Performance

The design features originally selected for the new modular
breaker were initially built in two prototype modules, from
which necessary additional experimental data was obtained.
Onc prototype was tested in the High Voltage Laboratory, and
contributed to the development of insulation details, current-
carrying ability, and mechanical strength; the second proto-
type was tested at the High Power Laboratory, and contributed
to the development of the mechanical operation and switching
performance with various types ol currents.

The first 500-kv breakers built were given tests as single-pole
units. This expedited testing by permitting one pole to undergo
mechanical tests while the second was in the High Voltage
Laboratory and the third in the High Power Laboratory. At
the conclusion of these single-pole tests, two poles were assem-
bled with normal pole spacing to undergo mechanical opera-
tion and voltage distribution tests.

Mechanical T'est Results—The 500-kv pole unit assigned to the
High Power Laboratory was operated over 2000 times; the
pole undergoing mechanical tests also made about 2000 opera-
tions, including a life test of 1100 operations without change
of parts, and with only one inspection after 270 operations.

To verify the structural strength of the breaker, 100 opera-
tions were made with parts subjected to higher stresses than
they could possibly encounter in service. For example, the
pneumatic mechanism was operated at abnormally high pres-
sures to raise speeds and stresses on the operating parts during
closing. The biasing springs were overloaded 25 percent o in-
crease loads on closing and to incrcase speeds and stresses on
opening. In addition, some individual parts, such as insulating
tie-rods, operating rods, porcelains, gas reservoirs, and gas
tubes were subjected to stresses greater than they could en-
counter in service. Similar tests were cstablished for compo-
nents of production line breakers.
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The ability of the breakers to withstand high winds and
earthquakes was checked by applying, at the top of the porce-
lain columns, horizontal tension forces that correspond to the
calculated loading of winds up to 185 mph. The forces were ap-
plied at various angles with respect to the columns because
bracing is not the same in all directions. The applicd forces cor-
responded to horizontal accelerations up to 0.6 gravitational
acceleration, giving assurance that earthquake loading, usually
assumed to be not over 0.2 g’s, can be withstood.

Since contact speeds and decelerations are controlled in part
by hydraulic cylinders, cylinder opcration was tested over a
temperaturc range that went as low as —40 degrees C.

FElectrical est Results—High Voltage Laboratory develop-
mental tests on individual interrupter modules, and verification
tests on one pole of a 1550-kv BIL circuit breaker, have dem-
onstrated that a live-tank circuit breaker will coordinate ef-
fectively not only at 1550-kv BIL, but equally well at 1800-kv
BIL.. It has been shown that the breaker can be designed to
withstand switching surges in cxcess of 2.8 per-unit, while re-
maining within the coordination spectrum dictated by existing
60-cycle and impulse standards. (In discussions of switching-
surge voltages, one per-unit equals the maximum rated line-to-
neutral, or 450 kv for 500-kv systems.)

Even with all gas pressure lost, the modular circuit breaker
design retains considerable dielectric strength. In the open po-
sition, the breaker will withstand 60-cycle voltage in excess of
twice line-to-ncutral, and retain moderate impulse and switch-
ing surge strength. In the closed position at zero gauge pressure,
the full rated impulse and 60-cycle test values can still be with-
stood to ground.

The new horizontal circuit breaker bushing has been shown
to be much more capable of withstanding atmospheric con-
tamination than a conventional saw-tooth bushing. For ex-
ample, the dog-bone bushing’s flashover voltage, when con-
taminated and subjected to fog, was always at least 33 percent
higher than the conventional saw-tooth bushing; the wet with-
stand of the dog-bone bushing was 15 percent higher than the
saw-tooth bushing.

SF¢ for 345 and 500 Kv

The new EHV breaker is now in production for 345- and
500-kv application. These breakers have been subjected to
extensive development and design tests to verify their perform-
ance. By imposing on the initial components conditions that are
much more severe than will be encountered in service, assurance
has been gained that breakers made within the tolerances in-
herent in production line units will pro- westinghouse ENGINEER
vide excellent performance in service. March 1965
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Seven Years Experience With
Taut-Band-Suspension Instruments

The frictionless, shock-proof, taut-band instrument
suspension system has demonstrated superiority

over prvot-and-jewel mechanisms in all types of ac
and dc instruments.

Until ten years ago, American instrument manufacturers
traditionally had supplied instruments for general industrial
and laboratory service with conventional pivot and V-jewel
bearing systems and spiral control springs. However, cexperi-
ence with pivot-and-jewel instruments in electric utility and
industrial applications had already demonstrated a real nced
for improvements in sustained accuracy, reduced maintenance
requirements, and immunity to environmental influences,
Therefore, when several basic European taut-band switch-
board instruments' were demonstrated in 1954 to be practi-
cally immune to repetitive shock tests, genuine interest was
generated in this new taut-band suspension system.

Westinghouse immediately initiated a development pro-
gram to explore the taut-band suspension principle for use in
American instruments. The European instrument design had
to be further developed for American use for two reasons:

First, the scale-deflection angle was limited to 90 degrees,
in contrast with the U.S. switchboard instrument standard
of 250 degrees. Since this desired 250-degree deflection re-
quired almost three times the twist on the taut bands, basic
analysis and development of band proportions and metallurgy
were necessary to produce bands and suspension assemblies
capable of providing the desired performance.

Second, the European designs were relatively complex and
required extensive hand adjustment and alignment. For
example, in the European version, the tension spring and
anchor subassembly consisted of six detail parts that required
careful adjustment in final assembly to center the parts for
proper clearance; in the Westinghouse design, this subassem-
bly has been reduced to two detail parts, which are produced
on precision tools so that the parts are self-aligning in assembly
and require no further adjustment.

By 1958, Westinghouse had completed the development
and introduced the first taut-band-suspension, 250-degree-
scale instrument.? The circular-scale, dc switchboard instru-
ments had been selected for this initial development becausc
of their wide use, particularly in electric utility and indus-
trial applications where shock and vibration problems are
often encountered. The taut-band development had made it
possible to build electrical measuring instruments that could
withstand these severe vibration and shock conditions. Thus,
a rugged, trouble-free mechanism had been combined with
the inherent accuracy of frictionless taut-band suspension.

The immediate success of these 250-degree dc instruments
led to a rapid extension of the taut-band principle to the
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complete line of Westinghouse instruments, including moving-
iron ac instruments®, wattmeters, varmeters, and frequency
meters. The complete line went into production carly in 1961.
Corresponding pivot-and-jewel instruments were discontinued
as the taut-band designs demonstrated their supceriority —
more reliable instruments with better accuracy due to im-
proved repeatability, lower temperature influences, and re-
duced operation influence (both short-term and sustained ).

Friction Versus Bearing Life

Pivot-and-jewel bearings and the control spring have al-
ways been major sources of instrument trouble requiring
maintenance or repair; an estimated 90 percent of instrument
repairs involve these components. This problem persists even
though the manufacture and processing of the dctail parts
have been refined and perfected to provide very hard, highly
polished pivots that have an extremely low friction coeflicient
with the polished contact surface of the sapphire V-jewel.
Also, the design and processing of spiral springs now provides
what appears to be an irreducible minimum in the temporary
and permanent zero set, and in reading repeatability as in-
flucnced by hysteresis. However, material limitations still
require a design compromise between an acceptable amount
of bearing friction and longevity of the bearing system.

For a mechanism to deflect to the truc reading with the
desired repcatability, bearing friction must be minimized by
reducing the pivot radius to the minimum possible. However,
as pivot radius is reduced, load on the pivot bearing sur-
face increases.* This loading will ultimately exceed the elastic
limit of available materials, causing the pivot to deform and
wear away, particularly under vibration or shock conditions.
Thus, from the standpoint of bearing life, it is desirable to
provide as large a pivot radius as possible.

The compromise generally followed in instrument design
results in a normal static pivot loading of about 60 tons per
square inch. Since, under impact conditions, the increase in
loading excceds the ultimate strength of available matcrials,
the pivot surface in contact with the jewel must flatten or
deform to provide a contact area suflicient to support the load.
‘The resulting pivot proportions are greater than desirable
from the standpoint of friction, but smaller than desirable
from the standpoint of bearing life. Consequently, it is neces-
sary to develop a level of operating torque in the pivot-and-

Jewel mechanism to reduce the influence of bearing friction

to an acceptable value.

Frictionless Taut-Band Suspension

With the taut-band suspension system, bearings and control
springs as such have been climinated. Instcad, the moving
element is supported at each end by a short hair-like band of
special high-strength alloy, drawn to rectangular cross scction
(sec Fig. 1). The bands arc approximately 0.005 inch wide
and 0.0005 inch thick, and they are dimensionally controlled
to less than five millionths of an inch. The bands arec perma-
nently anchored to the moving element of the instrument and




to U-shaped springs that maintain proper band tension and
contribute immunity to shock and vibration. Small stops pre-
vent excessive axial and radial movement as a further measure
of shock-proofing. The rectangular taut bands provide restor-
ing torque and also carry current to the moving coil.
Successful design of taut-band suspension instruments re-
quires a “clean-sheet-of-paper” approach. Any attempt to
adapt taut-band bearings to existing designs of pivot-and-
jewel mechanisms would severely limit the potential per
ance of taut-band systems. Thus, moving-clement weight and
inertia must be re-cvaluated to minimize inertia and to pro-
vide minimum weight with maximum strength and stability.
By reducing inertia, mass, and operating torque, critical damp-
ing with little overshoot and optimum response time can be
more casily achieved. The allotment of relative space for
torque-producing components and bearing systems requires
reapportionment. The complete redesign of the moving cle-
ment obviously requires redesign ol the stationary parts of the
mechanism. Some of the more difticult design and manufac-

turing problems that had to be solved during instrument de-
sign were: optimize material characteristics, proportions, and
processing of the suspension band; develop means for produc-
ing proper banel tension; design limit stops to conhne the
travel of the element in vibration and shock to safe values to
prevent breakage or failure; design methods for eentering the
mechanism with proper clearance; and design termination
anchors for the bands. The successful solution of these problems

sulted in a mechanism free of the inherent friction-versus-life
limitations of pivot-and-jewel bearings.

Torque and Tem perature

The production of instrument operating torque requires power
input, which must ultimately be dissipated as heat. The mag-
nitucle of power input determines the limit of such performance
factors as sensitivity, overload capacity (momentary and sus-
tained), loss (power consumption), operation influence (short-
time and sustained), effect of extreme ambient temperatures,
wave-form influence (in rms-responding instruments), terminal
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resistance, frequency influence, shunt lead resistance, and
operating tempcrature range.’

The major temperature influences on instrument accuracy
are:

1) Change in resistance of the copper wire of the activating
coil (approximately 0.393 percent per degree C);

2) Change in the strength of the magnetic field in perma-
nent-magnet, moving-coil instruments (magnet weakens 0.02
percent per degree C rise);

3) Change in spring strength (0.04 percent per degree C).

The weakening of the spring with temperature rise is
partially offset by a weakening of the magnetic field, leaving
a net difference of 0.02 percent per degree C, or one percent
for a 50-degree change.

Voltmeters and millivoltmeters, which ultilize external series
resistance, can be designed to be theoretically free of tempera-
ture influence by proportioning the ratio of the zero tempera-
ture coeflicient of the series resistance to that of the moving-
coil resistance; thus, the overall effect of a temperature change
on the instrument circuit can be made to compensate for the
changes in spring strength and magnetic field. However, the
perfect compensation needed in high-accuracy instruments is
difficult to obtain. For example, the various components of
the instrument have different thermal capacities, which result
in a variation in the rate of temperature rise. The moving coil
is most sensitive, heated by its own watt loss; next comes the
temperature rise of the torque springs, which is mainly due to
the current in the springs and to a lesser extent to heat radiated
from the moving coil. The magnet, with relatively large ther-
mal capacity, is not affected substantially by current but
responds slowly to changes in ambicnt temperature. Thus, the
surest way to reduce temperature influence is to reduce power
input, i.e., reduce the required operating torque.

Since taut-band-suspension mechanisms have no friction to
overcome, the lower limit of operating torque level is de-
termined by the force required to overcome moving-element
inertia and produce the desired damping and response time.
A further consideration is the practical manufacturing limita-
tion in maintaining stability of moving-clement mechanical
balance to minimize position influence. Therefore, the net
result is a reduction in operating torque for taut-band systems
to about one-third that required for pivot-and-jewel mechan-
isms. Reduced operating torque rcquirements mean fewer
ampere turns: only onc-third as many turns are needed on the
moving coil. If full advantage is taken of the available winding
space, the wire cross-sectional area can be tripled, thus reduc-

TBS instruments (¢op) monitor performance of the No. 5 Unit gener-
ators and 230-kv circuits at Public Service Electric and Gas Com-
pany’s Sewaren Generating Station.

Centralized control board (center) for the BR-3 Belgian reactor is
shown in shop after construction, prior to shipment overseas.
Automatic calibrator (bottom) and scale-marking machine is used to
calibrate and mark each scale division of high-accuracy TBS por-
table instruments.
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ing resistance (and therefore watt loss) to onc-ninth. Thus,
temperature risc and change in moving-coil resistance is much
less for a taut-band system, and temperature influence is re-
duced significantly.

The incrcased cross-sectional arca also makes possible a
large increase in overload capability, both momentary and
sustained. For example, a 250-degree, 0—1-ma milliammeter
with taut-band construction can carry 150 ma continuously
without damage.

Applications With Reduced Power Consumption

Reduced power consumption of taut-band instruments has
madc possihile broadened or improved applications. A typical
illustration is provided by the one-milliampere, de, 250-degree
instrument: a pivot-and-jewel design has a moving-clement re-
sistance of 180 ohms and requires 0.18 milliwatts for full-
scale defleclion; the equivalent taut-band instrument has only
13 ohms resistance and a power consumption of 0.013 milli-
watts. Thus, the current loss for a shunt-operated ammeter
with taut-band suspension is only one milliampere, but it is 10
to 20 milliamperes with pivot-and-jewel mechanisms. The
reduced millivolt drop in the shunt leads makes it possible to
usce smaller wire for leads or permits much longer lead runs
between the instrument and the shunt. An example iltustrating
the advantage of instruments with reduced power consumption
is provided by a power station that needed an indication of
megawatt and megavar loading of the power transformers,
which were located 670 feet from the control room. Watt and
var transducers having 100-mv output at full load were avail-
able at the transformers. It was first planned to use conven-
tional millivoltmeters connected in parallel to indicate the
loading, until tests showed that instrument power require-
ments were beyond the transducer capability. (The circuit
resistance of a number 12 copper-wire pair for this distancc is
2.3 ohms.) Milliammeters connected in series were then con-
sidered, but again the loading cxceeded the transducer
capacity. (The typical pivot-and-jewel milliammeterrated 0—1
ma has a resistance of 180 ohms, which causes a 180-mv drop;
transducer output terminal rating is only 100 mv.) A taut-hand
instrument solved the problem. The 0—1-ma milliammeter,
with a resistance of only 13 ohms to be added to the 2.3 ohms
linc lead resistance, caused a tatal drop of less than 16 milli-
volts. The only other solution would have been some form of
scll-balancing potentiometer system, which would have been
more complex and more expensive.

Because of the extremely low power consumption of the
taut-band suspension system, the permanent-magnet moving-
coil instrument is no longer limited to the usual de voltage and
current measurcment. [ts low power requirement makes it
feasible for use with suitable transducers to measurc watts,
vars, and frequency .®

Experience With TBS

The original taut-band-suspension models were exhaustively
8 y
performance tested and life tested. In comparative life tests, no
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movement deterioration was cncountered on the taut-band
instruments after 50 million or more full-scale oscillations; in
contrast, conventional pivot-and-jewel instruments recuired
bearing replacement after less than one million oscillations.
The new instruments also were found to be practically immune
to damage from vibration and shock levels that made pivot-
and-jewel instruments inoperable.

As part of the initial ficld-testing program, all taut-band
instruments needing attention were returned to the factory.
Over a one-year period, with several thousand instruments in
use, fewer than a dozen were returned for repair.

Table 1—Comparison of Taut-Band Instruments versus Pivot-
and-Jewel Instruments

Pivot-

Characteristic TBS and-Jewel

. Sensitivity

. Vibration (cfiect of)

. Shock (effect of)

. Repeatability

. Overload (momentary)

. Overload (sustained)

. Tracking

. Effect of use (lifetime)

. Loss (power consumption)

. Operation influence (short-time and
sustained)

OV AW

F+H+ At
|

11. External temperature influence

12. Effect of extreme temperatures

13. Wave-form influence (rms responding
instruments)

14. Terminal resistance

15. Irequency intluence

16. Shunt-lead resistance

17. Sell-contained ranges

18. Operating temperature range
19. Damping factor

20. Response time

| Bl g8 R
\

21. Rated accuracy

22. Diclectric test

23. Zera-set (temporary and permanent)
24. Position influence

25. External-field influence

26. Magnetic platform influence
27. Humidity (effect of)
28. Proximity influence
29. Pointer shift due to tapping

I+ I+
|

This analysis is based on the assumption that each instrument is designed for
optimum  performance. Absence of bearing triction in taut-band instruments
permits significantly lower operating torque, which results in higher sensitivity.
The tabulation compares the Westinghouse t1aut-band design with recognized
standard performance of pivot-and-jewel instruments:
+ sign indicates superior performance
sign indicates inferior performance
sigie indicates equal performance
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TBS ac and dc ammeters and voltmeters are used as comparison
standards in a *+ 0.25 percent accuracy, direct-reading Instrument
Calibration Standard for voltages from 0.25 millivolt to 2000 volts
and currents from 2 microamperes to 20 amperes.

Photo courtesy Radio Frequency Laboratories, Inc.

>
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Sensitive video electronic voltmeter with logarithmic scale having
ranges from 100 microvolts 1o 100 volts over a frequency span from
2 cps 1o 6 mc. All scale divisions of the taut-band suspension instru-
ment are individually calibrated and marked making possible un-
usually high accuracy and repeatability.

Photo courtesy Ballantine Laboratories, Inc.

Resistance to shock damage was highlighted in a service
report received from an instrument service man, who was sent
to make rcpairs on switchgear shipped to an island in the Far
East. The assembly apparently had been dropped during dock-
side or on-site loading or unloading, and damage was severc.
Panels were bent, brackets and supports cracked and broken,
and practically every type of component such as switches,
relays, watt-hour meters, and instruments suffered damage
and required repair and recalibration. Instrument pivots were
broken, jewels cracked, dials bent, and screws loosened. But
the final statement in the two-page report read: “Ihe only
bright spot in this whole situation is that, of the 21 taut-hand
instruments, all except one were undamaged and in calibra-
tion. The lone casualty suffered a broken band.”

Particularly severe service conditions have demonstrated
the stamina of the taut-band design. One of the railroads in
the South reports that pivot-and-jewel ammeters on dicsel
locomotives required frequent repair with overhaul and recali-
bration on an average of every eight months; occasianally
servicing was nceded as frequently as every 30 days. Taut-band
instruments in this same service for four years have required
calibration adjustment only twice, with no parts replacement.

In another example, a paper mill had established a servicing
routine in which all instruments were checked, repaired, and
adjusted twice a year during regular shutdowns. It was always
found necessary to replace a large percentage of pivots and
jewels, rebalance the instruments, and adjust calibration.
Taut-band instruments were installed and, after a year’s
service, they remained free of friction, were in balance, and
were well within guaranteed accuracy.

Although the outstanding performance of taut-band instru-
ments is most apparent in severe service conditions, the higher
performance level has been just as impressive in other situa-
tions where vibration or shock may not be a problem but
where sustained accuracy and repeatability are necded, or
where high sensitivity and minimum possible loss are required.
For example, high accuracy and repeatability are cspecially
necded in certain clectronic test equipment, such as vacuum
tube voltmeters and decibel meters. These instruments fre-
quently have logarithmic scales with accuracy specilied on the
basis of the reading rather than as a percentage of full scale.
Low loss and absence of bearing friction make the taut-band
suspension instrument ideally suited Westinghouse ENGINEER
to this type of service. March 1965
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Estimating Transmission Line
Shielding Performance

A geometric analysis of the lightning stroke, ground
wire, and phase conductor has provided a graphical
method for estimating shielding performance.

Most investigations of the lightning performance of transmis-
sion lines have emphasized the stroke mechanism and the
probability of insulator flashover when the stroke terminates on
the tower or ground wire. However, the difliculty of making
line performance estimates agree with actual performance rec-
ords has prompted several investigators to take a closer look
at the eflectiveness of ground-wire shielding. Results of these
investigations suggest that many outages previously attributed
to strokes to ground wire or tower actually have been shiclding
failures, which have allowed strokes to terminate directly on
the phase conductor. Common practice has been toshield trans-
mission lines with ground wires that have shielding angles (with
respect to phase conductors) of 20 to 45 degrees. New calcula-
tions now indicate! ? that ground-wire shiclding effectiveness
is a function of both ground-wire height and shiclding angle,
and that shielding angles as low as 10 decgrees are required
to provide adequate protection for today’s extra-high-voltage
lines. As a result of one investigation, a simplified graphical
method? has been developed for estimating ground-wire shield-
ing cffectiveness.

A Geometrical Approach

The approach used to derive the graphical estimating method
is based on a geometric model of the lightning stroke, ground
wire, phase conductors, and ground. Briefly, the stroke lecader
is assumed to be relatively unatfected by grounded objects
untif it is within approximately 140 to 480 feet of the terminat-
ing object. At some point, the voltage between the leader head
and ground is suflicient to break down the remaining air
gap. thereby completing the stroke channel and resulting in
the lightning discharge. In this analysis, the stroke is assumed
to select the ground wire, phase conductor, or ground depend-
ing on the distance, voltage, and voltage gradient between the
lcader head and ground-terminating object. A recently de-
veloped stroke model? has made possible a much more ac-
curate calculation of these variables.

The geometry used to determine phase exposure is shown in
Fig. 1. The striking distance calculated for the stroke appears
in this diagram as radius r; for the ground wire, rs for phase
conductors, and r3 to ground. Thus, if the downward leader
reaches a point between B and B along the arc of the circle,
the stroke terminates on the eround wire; if the leader reaches
the arcs between A and B, the stroke terminates on the phase
canductor; leaders that reach the line between 4 and C termi-
natc on ground.

From this geometrical model, the distribution of strokes
between ground wire, phase conductor, and ground can be

The authors are with the Electric Utility Engineering Department, Westinghouse
Electric Corporation, East Pittsburgh, Pennsylvania.
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determined as a function of height. This data is then com-
bined with the estimated exposure of the line to lightning
strokes to obtain a complete family of shielding curves for
locating ground wires with respect to phase conductors. Typical
curves from this set are shown in Fig. 2. (The complete set
of curves for ground-wire heights of 40 to 160 feet, in 10-foot
increments, can be found in reference 2, along with a deriva-
tion of the method used to obtain them.)

The curves were developed assuming an isokeraunic level
of 30 (storm days per vear). For other storm levels, the number
of shielding failures is assumed to vary directly with isokeraunic
level. Using the isokeraunic level of 30, the number of strokes
to lines of various ground-wire heights can be calculated. Tor
example, a 90-foot ground wire should receive 96 strokes per
100 miles per year, as shown on Fig. 2a. The number of strokes
is not given on the curve sets for 4 and & shielding failures
(Figs. 2b and 2¢) because the total number of strokes to the
ground wire and phase conductors varies, and depends to some
extent on conductor location. However, the total number of
strokes will be greater than for the no-shielding-failure condi-
tion because a line with shiclding failures will collect strokes
over a wider swath.

These stroke values are based on single-ground-wire lines,
ignoring line sag. However, on many lines it may not be
practical to obtain essentially perfect shiclding with one
ground wire. Shielding rcquirements may be the most im-

e =
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1—Exposure of phase conductors was calculated from this gcometric
model of lightning stroke, ground wire, phase conductors. and ground.
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portant consideration in choosing between one and two ground
wires. The total number of strokes will be somewhat greater for
lines with two ground wires because these lines will collect
strokes over a wider swath. However, for the same shielding
angle the number of shiclding failures will not be aflected
by the second ground wire because shiclding failures cannot
result from strokes originating in the region above and be-
tween the two ground wires.

The shielding curves give the number of shiclding failures
that result in flashover of line insulation, but this docs not
include strokes to phase conductors of insuflicient magnitude
to cause flashover. Hence, the number of shielding failures
resulting in flashover can be shown as a function of line insula-
tion, as indicated in Fig. 2. Miniinum current to cause flash-
over is determined from the relationship, I = 2E/, where I
is the minimum stroke current that will cause flashover, < is
surge impedance (450 ohms) of the phase conductor, and £ is
the critical flashover voltage of the standard suspension insulator
string. The sensitivity of the shielding curves to the number of
insulators is an indication of the number of strokes to phase
conductors that do not cause flashover.

Application of Shielding Curves

Two general classes of problems can be solved using the
shiclding curves of the type shown in Fig. 2. In designing a
line, ground wire and phase conductor configuration can be
determined to provide some desired level of shielding per-
formance; or where transmission line configuration is already
established, the shielding effectiveness of the ground wire
can be determined. Both problems will be illustrated with
examples.

Line Design— Consider a typical line design for 345 kv, which
uses 18 insulators, a ground wire height of 90 fect at the tower,
top conductor height at the tower of 68 feet, and ground wire
and conductor sagz of 20 feet at midspan.

Referring to the insert in Fig. 2b, the vertical distance
between ground wire and conductor () will be 90 — 68 = 22 {eet;
the horizontal distance (a) is to be determined so that no
shielding failures will occur.

The shielding curves for a 90-foot ground wire with no shield-
ing failures are shown in Fig. 2a. For a phase conductor height
of 68 feet and phase insulation of 18 insulators, horizontal
distance («) is found to be 13 feet (or less). This corresponds to
a 30-degrec shiclding angle between the ground wire and
phase conductor for essentially perfect shielding.

At midspan, where ground wire and phase conductor are
70 and 48 fect above ground, respectively, the horizontal dis-
tance would be similarly determined from the curves for a
70-foot ground wire?; horizontal distance would be found to

2_These shielding curves, showing location of conductors shielded
by ground wires at 90 and 140 fee, are typical of a complete se? cal-
culated for ground-wire heighits ranging from 40 to 160 feet, in 10-foot
increments. ‘The number of shiclding failures is based on an iso-
keraunic level of 30 and conductors on both sides of ground wire.
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be 17 feet, which corresponds to a shielding angle of about
38 degrees. Therefore, if a 30-degree shielding angle is adopted,
a suflicient margin of safety will exist to allow for conductor
swing between lowers.

Performance of Existing Line—To illustrate the converse calcu-
lation of the above, consider the 345-kv, double-circuit line
shown in Fig. 3. The line has 1000-foot spans, 18 insulators,
and ground wire and conductor sags of 35 and 40 feet respec-
tively. Ground wire height at the tower is 150 feet; the top
phase conductors are spaced 26 fect below the ground wire,
and 17.75 feet horizontally from the ground wire.

The required steps in calculation are summarized in Table
I. The 35-foot ground-wire sag is first divided into 10-foot
increments so that ground-wire heights will correspond to the
heights used in the family of shielding curves®. From a calenary
curve of the ground wire (Fig. 3b), span positions corresponding
to these heights are located so that effective span length (A7)
of the ground wire for cach chosen height can be determined.
Phase conductor height at these same span positions can be
calculated?, and vertical distance from ground wire to con-
ductor can be determined. With this information (tabulated
in the first four columns of Table 1), shielding performance
can be obtained by interpolation from the shielding curves.

To illustrate the graphical process, consider the ground-wire
span at the 140-foot height, for which shielding curves in Figs.
2d, 2¢, and 2f apply. Conductor height at this point is 112.5
feet; thus, for 18 insulators, the four-failure curve (Iig. 2¢)
gives a horizontal distance of 15 feet; the eight-failure curve
(Fig. 2f) gives a horizontal distance of 18.5 feet. Therefore, a
horizontal distance of 17.75 feet will have a failure rate be-
tween 4 and 8 and can be solved by linear interpolation to be
7.1 failures (per 100 miles per year). This same process is
used to determine the failure rate at each ground-wire height.
(Since the mid-position height is 115 feet, the curve for a 120-
foot ground wire must be used if the curves from reference 2
are applied.)

The shielding failures thus determined are tabulated in the
fifth column of Table 1. However, since these failure rates only
apply to the particular span section (AL) for the given height,
each failure rate must be multiplied by the ratio, AL/500, and
the results added to obtain a weighted valuc of shielding
failure for the line. The value obtained in this example, 3.9
failures per 100 miles per vear, is the total number of shielding
failures for both circuits. Single-circuit failures can be cbtained
by dividing by two.

Since the shiclding curves apply for lines located in an area
with an isokeraunic level of 30, shiclding performance for a line
located in an area with a different isokeraunic fevel can be
obtained by direct ratio: thus, if the isokeraunic level is 45,
shielding failure rate will be 3.9 (45/30) = 5.85.

Insulators, Shielding Angle, and Tower Height

Using the shielding curves, sample calculations have been made
to illustrate the effect of the number of insulators, shielding
angle, and tower height on shielding failures.



Table 1—Summary of the calculation of shielding performance for the line illustrated in Fig. 3.

H
(ground wire
height. feet)

150

AL
(effective span
Jor ground wire
height. feet)

Conductor
Height. Feet

124.0

b *
(ground wire height
minus conductor
height. feet)

26.0

_—mmm——

140
130
120
s

127.5

N5
101.1
89.7
84.0

275

28.9
30.3

Shielding Failures
per 100 Miles
per Year

Jor AL)

7.1
4.0
2.9
13

Shieldirg Failures
per 100 Miles
per Year
(adjusted for span)

1.81
0.99
0.94




Shiclding failures that result in flashover of the line insula-
tion as a function of standard suspension insulators are shown
in Fig. 4. As indicated, the number of shiclding failures is
independent of the number of insulators until the number of
insulators exceeds 5.5. This is because the minimum lightning
stroke current considered is 2400 amperes, which will develop
slightly more than enough voltage to flash over five insulators
(when discharging into a conductor having a surge impedance
of 450 ohms).

As the number of insulators increases above 5.5, the number
of shiclding failures decrcases. Actually, it is the number of
shiclding failures that result in insulation fashover that
decrease, because the number of shiclding failures will be
independent of line insulators. However, since shielding failures
that do not result in line flashover are ignored in this analysis,
the failures that cause flashover can be considered a function
of the number of insulators. If it is desirable to position the
ground wire to climinate a// shiclding failures, rather than just
those that cause fashover, the four-insulator shielding curve
should be used. Likewise, the total number of shiclding failures
for an established ground wire position can be found using the
four-insulator curve.

The relationship between shielding failures and shielding
angle for two typical tower heights is shown in Fig. 5. These
calculated curves demonstrate that shiclding failures increasc
appreciably with increasing shiclding angle. Also, the curves
reflect the smaller shielding angles required for the higher
towers used on LEHV lines.

The required shielding angle for essentially perfect shielding,
as a function of tower height, is shown in Fig. 6. This curve
was developed using a typical ground wire and conductor
arrangement. and number of insulators. The need for smaller
shiclding anegles as tower height increases is clearly demon-
strated. Thus, the shielding angles from 45 to 30 degrees com-
monly used at voltage levels up to 230-kv, have been satis-
factory on conventional towers ranging from 50 to 90 feet high.
However, towers used on EHV lines may be as high as 150 feet,
and require shiclding angles as low as 10 to 12 degrecs.

In the practical situation, it is recognized that the clectric
fields associated with lightning strokes clo not necessarily follow
uniform patterns; and therefore, the final flash may not always
be to the object indicated by a geometric analysis. However,
the geometric model has provided a practical approach to the
problem of locating ground wires with respect to phase con-
ductors. And based on presently available information. the

estimates obtained with  this analvtical approach agree
substantially with observed line per- Westinghouse ENGINEER
formance. March 1965
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Technology in Progress

NMR Spectrometer Has Superconducting
Magnet

Nuclear magnetic resonance (NMR)
spectrometry, though new, is a technique
that has been growing rapidly in impor-
tance in the ficld of analvtical chemistry.
A sample to be analyzed is placed in a
magnetic field and simultancously ir-
radiated with radio-frequency energy.
The  spectrogram  of  r-f  transmitted
energy versus magnetic field is character-
istic for cach chemical compound and is
thus a means of identification. Equally
important, the technique makes it pos-
sible to visualize the locations of the com-
ponent atoms in the compound.

The first commercial NMR spectrom-
cter with a superconducting magnet was
supplied recently to the chemical engi-
necring department at Rice University.
The instrument is a Model PS-60A
pulsed NMR spectrometer manufactured
by NMR Specialtics, Incorporated, New
Kensington, Pennsvlvania. Its Westing-
house superconducting magnet is rated

25 kilogauss and has a licld uniformity of

better than one part in 10,

Use ol a superconducting magnet is the
only means of getting very high field in-
tensities combined with the high field
unilormity required for NMR spectrom-
ctry. The combination increases the reso-
lution of NMR spectra. Superconducting
magnets also impart flexibility and ver-
satility: for example, any desired field up
to the limit of the system can be obtained
with the turn of a dial. The magnet also
is portable, weighing only 200 pounds in-
stead of the approximately six tons of a
comparable conventional electromagnet.

Many magnetic nuclei can be investi-
gated with the instrument at one fixed
frequency. Irequencies also can be varied
to provide an even wider range.

Pulsed NMR spectrometry differs from
continuous-wave techniques by applying
a high-intensity short-lived rf signal to
the sample. The decay signal of the nu-

Nuclear magnetic resonance spectrometer
has a superconducting magnet 1o provide the
high field intensity and uniformity required.
The magnet is housed in the cylinder in the
left foreground.

clear relaxation process, after excitation
by a single pulse or series of pulses, can
be observed or recorded. T he results tead
to determination of cither the longitudi-
nal or the transverse relaxation times,
depending on the mode of operation of
the spectrometer. The data can be ob-
tained from solid, liquid, or gas samples
for studics in such arcas as spin-spin in-
teraction, diffusion cocllicients, inter-
atomic distances, motional spectra, and
paramagnetic impurity eflects.

Beam Pattern Viewer Aids Study
of Lasers

The beam of a laser includes infrared
rays that form the so-called “far-field”
patterns in the beam. This radiation is
far too low in frequency to stimulate the
eye or photographic film, vet it can tell
the experimenter a great deal about the
operating characteristics of a laser. To
make the far-field radiation patterns visi-
ble for study, a new instrament called an
infrared pattern viewer has been devised.
[ts sensing element is made from liguid-
crystal materials, unusual compounds
that have some of the properties of a lig-
uid and some of the propertics of a solid.

One of the more striking characteris-

tics of these compounds is that they re-
spond to temperature changes by sudden
dramatic changes in color. The infrared
pattern viewer makes use of this color
change o display the laser’s radiation pat-
tern. Compounds of cholesterol have been
found to be the most useful liquid crystals
forshowingsmall temperature differences.
(A comprehensive rescarch program at
the Westinghouse Rescarch Laboratories
has shown that the cholesterie liguid
crystals are delicate sensors of pressure,
chemical vapors, and electrical fields as
well as of temperature.

The simple heat detector in the viewer
consists essentially of a thin filin of the lig-
uid crvstals supported on a blackened
membrane and mounted in a small vac-
uum chamber. On one side, a mercury
lamp and an adjustable heat lamp are
aimed at the film. On the other side, the
laser is mounted so that its beam strikes
the surface of the film. The filin is ob-
served from the mercury-lamp side. (See
photograph, inside front cover.)

The heat lamp is adjusted to raise the
film to the desired temperature. Then the
laser beam is shone on the opposite side
of the film, where it is absorbed and
causces a pattern ol further temperature
risc. The color shift in the light supplied
by the mercury lamp and reflected by the
liquid crystals forms a visible pattern that
can be watched continuously as the laser
shifts its mode of oscillation due to its own
instability or because of changes made in
its conditions of operation.

The uselulness of the pattern viewer is
not limited to infrared radiation. Any op-
tical raciation—including visible light
and ultraviolet—that heats the liquid-
crystal film is displayed with equal ease
and clarity.

Molecular Electronics Enhances
Machine-Tool Control Reliability

Molecular clectronic devices incorporated
in a new machine-tool numerical control
enhance the control’s reliability and also
make it more compact. Initial applica-
tions of the two-axis digital control will he
ondrills, punches, small milling machines,
and similar tools. It was developed jointly



by the Westinghouse Systems Control Di-
vision’s numerical control group and the
Acrospace Division’s advanced develop-
ment group.

Molecular electronic devices combine,
on a single chip of silicon, several diodes,
transistors. resistors, and their circuit in-
terconncctions to form a complete logic
function in a package the size of a con-
ventional transistor. This configuration
greatly reduces the number of solder

joints and connectors in a system, there-

by enhancing reliability. Tt also reduces
power requirements and makes for com-
pact vet accessible construction. The use
of silicon semiconductors throughout, in-
cluding the molecular electronic devices,
permits the logic system to be housed in
a nonventilated cabinet without air con-
ditioning. Because of its small size. the
control cabinet can be mounted on awall,
a column, or the machine.

The control system normally includes
step-motor servos for axis positioning.
However, it is also designed for use with
dc servos, hydraulic servos, and multi-
specd clutched drives.

Positive and negative programming is
a standard feature, as is relocatable zero
and 0.001-inch minimum programmed
increment. Positive and negative pro-
gramming is a mecans for determining
on which side of the zero reference point a
programmed point lies. It is accom-
plished by prefixing the proper sign to the
dimension number for each axis of the
machinc motion.

The combination of positive and nega-
tive programming with relocatable zero
simplifies the programming of symmetri-
cal patterns. By moving the zero reference
point {rom its normal place near a corner
of the table to the center of symmetry of
the pattern—say a circle of boltholes—
dimensions calculated for once qguadrant
of holes can be used for the other three
quadrants, and only the signs need be
changed in the program.

The control reads commands from
perforated tape one line ata time inword-
address format. As many as 20 auxiliary
and machine functions can be pro-
grammed. Dimension commands are pro-
grammed in absolute coordinates from a
reference location, and the servos posi-

tion the machine in both axes simultane-
ously. Optional additional features have
been developed to make the control flexi-
ble in application. These include man-
ually controlled or programmed milling
in one axis of machine motion at a time;
sclection of up to 20 feeds, spindle speeds,
and tools; and manual command input
through dial switches.

Numerically Controlled Machines
Produce Uniform Turbine Blades

Blades for large stcam turbines are pre-
cision forged and machined from high-
quality material to assure proper con-
tours and reliability. Since there may be
several hundred blades in a single turbine
wheel, manufacturing and checking the
blades is an exacting production task.

A new blade production line at the
Westinghouse Large Turbine Division in-
cludes tape-controlled machinces for man-
ufacturing flexibility and product relia-
bility. Manufacturing flexibility is im-
proved by reduction of lead time for new
products, casier modification of designs,
lower tool costs, reduction in the number
of machines required, reduction of work
in process, and reduction of inventory re-
serve. Product reliability is assured by
elimination of human error, uniformity
of operation, and automatic checking of
each cycle of the operations.

Blade roots are machined by a rotary-
index mill that can handle side-entry
blades up to 10 inches wide and 50 inches
long (see photograph). Machining is done
at eight stations around the 32-foot cir-
cumference of the index table. The nu-
merically controlled machine tool can
machine 38 different blade styles.

Blade forgings or finished blades are
straightencd by another numerically con-
trolled machine (see photograph). It ac-
cepts blades 16 to 50 inches long and 7
inches wide. The machine is tape-pro-

Steam-turbine blades arc precision forged
and machined to assure proper contours and
reliability. The blade-root mill and blade
straightening machines shown at right help
assure the required quality and also improve
manufacturing flexibility.
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grammed to correct for twist only, for
bow only, or for twist and bow together.
A separate tape is provided for each blade
type or series. Tapes can be made for any
number of blade forms.

In operation, the blade-straightening
machine gauges the blade, applies pres-
sure where needed to correct it, and then
gauges it again. The gauging and correc-
tion cycle repeats automatically, with the
number of cycles desired (up to 20) dialed
in by the operator. The blade can be
clamped at up to five locations along its
length. The machine can also be used as
an inspection machine; in this mode, it
checks forgings or finished blades without
correcting them.

EHV Test Center Opened

An outdoor electrical testing laboratory
built to meet and anticipate the fast-
growing needs of extra-high-voltage
(EHV) power transmission has been
placed in operation by Westinghouse at
Trafford, Pennsylvania. The new EHV
Test Center is equipped initially to test
electrical equipment with ratings up to
1000 kv. Test data from the center will be
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used with analytical studies in the devel-
opment of more efficient and economical
EHV products.

The test center is equipped for impulse,
switching-surge, and 60-cycle tests under
wet, dry, and contamination conditions
and also for fundamental research. An
area is provided for erection and testing
of full-size transmission towers, transmis-
sion lines, and associated hardware.

The center consists essentially of a high-
voltage 60-cycle source, an outdoor surge
generator, circuitry for producing switch-
ing surges, and associated power supplies,
controls, and measuring instruments.
(See photograph.) The three cascade-
connected transformers have a com-
bined output of 1100 kv. A single-phase
transmission line carries excitation and an
initial 500 kv from the existing high-volt-
age laboratory nearby. This gives a total
of 1600 kv, 60 cycles, at the new test cen-
ter. In the future, the present transmis-
sion line will be replaced with two 500-
kv transformers, increasing the capacity
of the center to 2100 kv.

The transformers and the surge gen-
erator are supported on 32-foot concrete
piles. The entire laboratory area has a
buried copper grid tied into ground rods.

The outdoor surge gencrator is en-
closed in plastic siding and stands 85 feet
high on a 13-foot base. A 200-kv dc power
supply charges the 32 stages for an out-
put rating of 6400 kv. Each stage has two
14-mfd capacitors in parallel, with a total
stored energy of 160 kw per second. The
power supply is a full-wave bridge with
silicon-diode rectifiers.

A railroad spur through the facility
permits the testing of large units without
unloading them from the rail car.

Laser System Produces Spikeless Pulses
of Adjustable Duration

A high-power narrow-beam laser system
developed recently produces smooth
rectangular-wave signals, with no spikes,
that are variable in duration from 2 to 50
microseconds. The optimum rectangu-
lar-wave pulse is produced at the system’s
minimum power of 20 joules. Power out-
put can be raised, however, to 44 joules,
with slight degradation of the output
pulse shape.

The system’s output is a beam one inch
in diameter, composed of six smaller par-
allel beams. Angular beam divergence of
the total signal is 0.010 radian. At the 20-
Jjoule power level, signal wavelength is
6943 angstroms.

The system was made possible by two
new techniques developed by the West-
inghouse Defense and Space Center’s
Surface Division. The first was a new
type of electro-optical oscillator that is
more efficient over a wider range than
previous types of laser signal generators.
The oscillator operates at room tempera-
ture and produces a kind of pulse, called
quasi-continuous, that has no spike”
but rather a smooth rectangular wave
form. It is the first high-power laser
energy source capable of producing a
long-duration spikeless output pulse. The
other new development that helped make

EHYV Test Center is used to test power trans-
mission equipment and also for fundamental
research in EHV insulation. The surge gen-
erator at left has 32 stages and provides 6400-
kv output. The three cascade-connected trans-
formers supply 1100 kv initially.




the system possible was a significant 1m-
provement in laser amplification, the re-
sult of an improved laser head design that
vields higher cfliciencies than any pre-
viously available.

In operation, the system first generates
a laser pulse in the quasi-continuous
oscillator (see diagram). Part of the pulse
is passed on by an electro-optical gate.
This segment of the pulse is modulated
and sent on to electro-optical amplifiers
that successively raise the energy of the
pulse to produce the final desired power
and time-duration output.

The quasi-continuous oscillator is made
up of a cylindrical ruby crystal, an
optically resonant cavity, and a helical
flash lamp. The ruby crystal is silver
coated on one end, for high reflection,
and dielectric coated on the other end for
minimum reflection. The cavity is com-
posed of a plane mirror at the silvered
end of the ruby (the output end) and a

High-power laser system produces spikeless
pulses of light of controlled duration. The
wave forms above the blocks of the schematic
diagram represent the signal as it passes
through the siages of the system to emerge as
a smooth pulse of rectangular form.

high-reflection spherical mirror placed
beyond the other end of the ruby.

Only a segment (time segment / in the
diagram) of the signal generated by the
oscillator is selected for amplification.
This segment is in the early portion of
the signal, near the point of maximum
power, where ripples on the wave form
have been damped and the curve is stable
and relatively smooth. The segment is
selected by a Kerr cell optical shutter or
gate. Pulse duration is also determined
by the Kerr cell over a range of 2 to 50
microseconds.

Another Kerr cell device modulates the
pulse segment. Modulation determines
the amplitude characteristics of the de-
vice’s output. One important characteris-
tic is exponentially rising power. This
power rise compensates for declining gain
in the succeeding amplificr stages due to
amplifier saturation.

The modulated signal is amplified first
in the driver amplifier and then in the
final amplifier, both of which are of the
high-efficiency design. The amplifier
rubies are excited, or pumped, with
linear flashlamps. The flashlamps are
preionized before applying the excitation
pulse to prolong their life.
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Plant Uses Waste Heat From Utility's
Gas Turbine

Trading fuel gas for exhaust gas may not
seem a very good bargain, but it can be
—for both parties. Southwestern Public
Service Company of Amarillo, Texas, is
installing a gas turbine-generator unit at
Phillips Petroleum Company’s Plains
Butadiene Plant ncar Borger, Texas. The
unit will be maintained and operated by
the utility company and will run inter-
connected with its system; the hot ex-
haust gas will be used by Phillips as part
of the combustion air requirements for a
number of steam boilers. The waste heat
in the gas will substantially reduce the
amount of primary fuel gas required for
the boilers, thus improving overall process
efficiency. Phillips will sell the natural-gas
turbine fuel to the utility company.

Southwestern Public Service supplies all
of Phillips’ electric power requirements
from its integrated system. Since this
unit will run interconnected with that
systemn, it will not be recessary to provide
separate standby for the unit.

The gas turbine-generator will have a
capability of 30,400 kw at 100 degrees I,
supercharged by a motor-driven fan. An
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auxiliary exhaust stack will permit the
unit to operate independently of the steam
gencration requirements of the Phillips
plant. The unit will be housed in an in-
sulated fabricated steel building.

Products for Industry

Cathode-ray tubes with fiber-optic face-
plates are especially adapted for making
photographic reproductions of their out-
puts. They are about 20 times more efli-
cient, for film exposure, than convention-
al tube-and-lens systems, and the fiber
optics also save weight, size, and volume.
Type WNX-30038 tube has a fiber-optic
faceplate four inches in diameter; usable
screcn diameter is 3.2 inches. T'ype WX-
5321 tube, designed for line scanning, has
overall face diameter of 511 inches and a
band of optical fibers across faceplate
center with a usable length of 41§ inches
and a width of ! { inch. Spot size in both
tubes is 0.0008 inch. Both have potted
leads for high-voltage protection. est-
inghouse Llectronic Tube Division, P.Q. Box
284, Elmira, N.¥. 14902.

Two-contact heavy-duty type SG auxilia-
ry relay has been brought out in a front-
connected version with a molded cover
that can be either solid or with a glass
window. Contacts can be make, break, or
transfer. Operating coils for ac or dc cur-
rent or voltage are available in a variety
of ratings. Basc is5! 5inches long and 334
inches wide; overall height is 5 inches.
Westinghouse Relay-Instrument Division, Plane
and Orange Streets, Newark, N.jJ. 0710].

Indoor dustproof capacitors for power
factor improvement in industrial plants
combine accessibility, flexibility, and pro-
tection. Single- and three-phase units are
rated 240, 480, and 600 volts, 2 through
600 kvar. Type IDP (individual dust-
proof) units, shown at left in photo, pro-
vide small amounts of corrective capacity
near the load. Type MDP (multiple dust-
proof) units (at right in photo) provide
larger capacities needed at power centers.
They consist of groups of capacitors com-
pletely asscmbled and wired. The dust-
proof design isolates live parts from acci-
dental contact. Westinghouse Distribution
Apparatus Division, P.O. Box 311, Blooming-
ton, Ind. 47402.

Portable industrial x-ray machine has
two focal spot sizes (4 X 4 mm and 1.5 X
1.5 mm), permitting use ol both total
power output and finc-focusing tech-
niques. Rated 400-kv constant potential
at ten milliamperes, the Baltomatic 400
can inspect metal products ranging from
thin-walled aluminum castings to four-
inch steel weldments. A single compact
head unit contains the x-ray tube, gen-
erators, lead shielding, high-voltage trans-
former, sclenium  rectifiers, automatic
thermal cut-off device, and receptacles
for low-voltage connections. The control
panel has a kilovoltage meter and sclec-
tors, milliampere control, automatc re-
set timer, and overcurrent and overvolt-
age prolection devices. WWestinghouse X-
Ray Division, 2519 Wilkins Avenue, Balti-
more, Md. 21203,

Rectomatic static constant-voltage bat-
tery charger perfurms continuous floating
and cqualizing-charge service. It main-
tains dc voltage within * 1 percent of
rated voltage, no load to full load, cven
under a £10-percent variation in ac line
voltage. Protective and control devices
limit overload current, regulate equaliz-
ing charge through a timer, monitor volt-
age and current, and prevent reverse cur-
rent flow during ac power failure. Stan-
dard primary voltages are 208, 230, and
460 volts, three-phase, 60-cycle. Standard
dc ampere ratings are 25, 50, 100, 150,
200, 300, and 400. Westinghouse General
Control Dwision, P.O. Box 225, Buffalo, N. Y.
11240.




The four authors of the 500-kv circuit
breaker article, which appears in this is-
sue, represent all phases of circuit breaker
design and development.

R. N. Yeckley, a graduate of the Uni-
versity of Michigan (BSME, 1951), has
spent a considerable portion of his time
developing circuit breaker mechanisms.
His major assignment for the past several
years has been the design and develop-
ment of SFe breakers. Yeckley obtained
an MSME from the University of Pitts-
burgh in 1961.

C. F. Sonnenberg’s principal field of in-
terest is insulation. Since coming with
Westinghouse from the Carnegie Insti-
tute of Technology (BSEE, 1953), he has
worked on bushings and insulation for
gas breakers and EHV breakers. He is
presently an Advisory Engineer in the
power circuit breaker engineering de-
partment, responsible for high-voltage
insulation in the EHV design section.
Sonnenberg obtained his MSEE last year
from the University of Pittsburgh.

J. Brado, a graduate of Fenn College
(BEE, 1957), has been the test engineer
on the EHV breakers. Brado works at the
high-voltage laboratory of the Westing-
house Engineering Laboratories.

R. C. Van Sickle, an Advisory Engineer
in the EHV section of the power circuit
breaker engineering department, has
been involved in almost all phases of
circuit breaker design, test, and standard-
ization. He holds 32 U.S. patents ranging
from component parts to complete break-
er designs. Van Sickle’s work with circuit
breakers was interrupted briefly during
the war years, when he was assigned to
the Manhattan Project to work on elec-
tromagnetic isotope separation at the
University of California Radiation Lab-
oratory. Van Sickle holds degrees in both
mechanical and electrical engineering
from Cornell University (1923, 1924),
and obtained his MSEE from the Univer-
sity of Pittsburgh in 1928.

Wesley L. McKeithan, author of this
month’s article on a new concept in con-
trol centers, is a graduate of the Univer-

sity of North Carolina, where he earned
his BSEE in 1938. He joined Westing-

house on the Graduate Student Course in
1940, and then became a member of the
Transformer Division, where he spent the
next 20 years in a variety of assignments
—except for a three-year interval when
he served as a lieutenant in the U.S.
Army Ordnance Corps during the war.
He first became a design engineer, left for
the service in 1943, and resumed his de-
sign engineer position when he returned
in 1946. He became assistant to the en-
gineering manager in 1951, and later the
same year assumed responsibility for an
engineering section in the distribution
transformer activity. In 1955, he became
superintendent of power transformer
testing, a position he held until he moved
into a new field in 1961; at that time he
became engineering manager of the Low
Voltage Distribution Equipment Divi-
sion, his present position.

L. J. Lunas came with Westinghouse
from the University of North Dakota with
a BSEE in 1926. After attending Westing-
house Electrical Design School, he chose
electrical instruments for his first profes-
sional assignment. His first choice was a
good one, because he has spent his entire
career in instrument engineering, in both
design and supervisory work. Lunas is
presently an Advisory Engineer in the In-
strument Engineering Department, where
he concentrates on new development
problems. Lunas is actively engaged
in IEEE, ASA, and NEMA work. He
has served as chairman of several AIEE
committees, and is presently chairman
of ASA and of NEMA instrument com-
mittees.

Lunas obtained an MSEE degree from
the University of Pittsburgh in 1939, and
a Professional EE degree from the Uni-
versity of North Dakota in 1941.

The three authors of the transmission-
line shielding article, F. 8. Young, J. M.
Clayton, and A. R. Hileman, have spent
a good portion of their working time with
Westinghouse on lightning problems.
Young joined Westinghouse on the
graduate student course after graduating
from Stanford University in 1955 with a

BSEE degree. He was assigned to the Elec-
tric Utility Engineering Department in
1956, and became an Assistant Sponsor
Engineer for the Southeastern Region in
1959. In 1963, Young was made a Spon-
sor Engineer for New England and New
York State. In this assignment, he makes
regular visits to electric utility customers
to work on all phases of utility engineer-
ing problems. Although his principal in-
terest has been in the area of lightning
protection, he works on a wide variety of
power system problems. Young obtained
his MSEE from the University of Pitts-
burgh in 1962.

J. M. Clayton received a BS degree in
meteorology from New York University
in 1944 while serving in the Army Air
Force. After completing a tour of duty as
a meteorologist, he returned to Auburn
University to obtain a BSEE degree. He
joined Westinghouse on the graduate
student course in 1947, and was assigned
to the Electric Utility Engineering De-
partment. For a number of years, he
worked on lightning field investigations,
coupled with analytical and computer
studies aimed at improving methods for
protecting electric power systems from
lightning. In 1954, Clayton was made a
Sponsor Engineer for the Southeastern
Region. In early 1964, he was appointed
Advisory Engineer and assigned the re-
sponsibility of providing technical direc-
tion for Westinghouse district electric
utility engineers.

A. R. Hileman, Advanced Development
Engineer in the Electric Utility Engineer-
ing Department, joined Westinghouse in
1951 upon receiving a BSEE degree from
Lehigh University. He was first assigned
to the Tidd high-voltage impulse tests,
and then to the department’s transmis-
sion section. From the transmission sec-
tion, he became a Sponsor Engineer for
the Central Region, and thence to his
present assignment. He is also the Project
Manager for the Allegheny Power System
500-kv transmission system design. Hile-
man has done extensive work in the fields
of lightning phenomena and protection,
insulation coordination, and switching
surge investigation. He received his
MSEE degree from the University of
Pittsburgh in 1955.




Some 376,000 watts of lighting illuminate the exterior of the

new Pan Am Building in New York City. Special incandescent
lamps and fixtures were developed to illuminate the huge
building evenly. The main faces (north and south) are lighted

by a lamp developed by the Westinghouse Lamp Division; it has
a compact 80-volt 2000-watt filament. A new quartz-iodine

lamp was developed for the two smaller faces of the

building. The lighting system was designed by Lighting by Feder,
and the fixtures by Kliegl Brothers.
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