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Lake Tahoe Studied with
Environmental Monitoring System

Knowledge of such factors as currents, winds,
and temperatures is vital to any thorough
study of a body of water, but the required
measurements have seldom been made

by accurate long-term methods. Recently,
however, such measurements have been made
every 10 seconds over periods ranging

up to a month at Lake Tahoe on the
California-Nevada border.

An automatic monitoring system gathers and
records data that should be helpful in learning
how to retain the lake’s clarity and its deep
blue color. But beyond that, the object of

the studies is to determine general effects of
local human activity on a lake’s conditions.

The long-range study of Lake Tahoe is being
performed by the University of California

at Davis under a grant from the Environmental
Protection Agency. The automatic monitoring
system was developed by the Westinghouse
Ocean Research Laboratory at San Diego.

The system measures wind speeds and
directions, current speeds and directions,
temperatures, pressures, and solar radiation
on the lake.

Nine channels of information are fed by cable
to computer-compatible recording equipment
located in a building near the shore. A mast

on a pier holds a wind direction indicator

and a cup-type anemometer that measures wind
speed. Also on the pier are a barometer and

a pyrheliometer, which measures the sun’s
energy radiation on the lake. Three-quarters of
a mile offshore, in 600 feet of water, an anchor
and flotation gear hold equipment about 75
feet below the surface. The equipment measures
current speed and direction as well as water
temperature. Another unit, on the bottom in 50
feet of water, provides wave and temperature
measurements. Together, the instrumentation
gives scientists the “heat budget” of the lake
and information about the lake’s surface

and underwater movement.
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A Simplified Steam Plant for

Marine Propulsion

An extensive simplification of today’s
marine steam power plant will enhance
the reliability of the plants and make
them more economical to build and in-
stall. These features are essential to the
financial success of new merchant ma-
rine ships.

In the past decade, the demand for higher
productivity has pushed ship displace-
ments and propulsion power require-
ments steadily upward. Sixteen-knot
tankers of 300,000 deadweight ton dis-
placement, and up, are requiring power
plants of 40,000 shaft horsepower (shp)
and more. Similarly, containerships are
growing in speed and displacement; 120,-
000-shp ships carrying more than 1000
containers are being built. The factors
that have brought about these changes—
increasing world trade and reduced ship
turnaround times—will persist through-
out the 1970’s.

The life-cycle cost of a complete
containership system is in the order of
$100 million including containers and a
share of the shore facilities. Those high
capital investments mean that these ships
have high fixed costs, which the ship-
owner must pay whether the system is
operating or not. Since these costs are
normally offset by high revenues, the
penalty of a day’s delay can be very high
—figures ranging from $25,000 to $50,-
000 have been cited for large high-speed
containerships and for supertankers. This
places a premium on power plant availa-
bility in new ship designs.

The demand for high ship availability
also requires a new look at power plant
automation. What appears to be required
are power plants that are simple to con-

trol, hence, simple to automate. This
approach inherently requires fewer plant
operators.

The low level of fuel costs relative to
fixed expenses—about $8 million over the
ship’s life cycle—means that reduction of
fuel consumption is not necessarily the
most effective way to reduce operating
cost. A 20-percent improvement in
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specific fuel consumption would reduce
total life-cycle cost less than 2 percent
(assuming this improvement could be
obtained at no expense in capital, mainte-
nance, or availability).

And finally, escalating maintenance
costs, and the possible elimination of the
subsidy for such costs, require designs for
reduced maintenance.

These factors led Westinghouse to re-
examine the basic design of the marine
steam power plant. The scope of this
recxamination has been extended beyond
the Westinghouse-built turbines, gears,
ship’s service turbine-generators, and
condensers to include the entire power
plant, because the availability, mainte-
nance, and operational characteristics of
steam plants and their construction costs
are affected by all components in the
power plant. Furthermore, the physical
and operational relationships between
those components can have a substantial
effect on overall power plant reliability.

One basic design philosophy is used in
evaluating each plant feature: the in-
corporation of any feature that can
complicate the plant and reduce its
reliability is examined in terms of its
potential loss in revenue. Only if the
economic advantage of the feature is
large with respect to a single day’s lost
revenuc is it used.

The basic power plant discussed in this
article is a single-shaft plant rated at
50,000 shp. With small modifications,
any rating in the range of 40,000 to
70,000 shp can be provided by the design.
The single-shaft plant is suited to large
tankers, and large containerships in the
25-knot speed range. The reduction gear
is specially tailored to the requirements of
the application.

Containerized and roll-on, roll-off
cargo places a premium on deck space.
Thercfore, ship and machinery arrange-
ments are designed to maximize the
space availability for container stowage.

A two-shaft power plant rated at 120,-
000 shp (lower ratings to 80,000 shp and
higher ratings to 140,000 shp are possible)
has also been designed. The larger plant
is suited to large containerships in the
30-knot (and up) range. Since this larger
plant design is basically a double-shaft
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version of the single-shaft design, most of
the considerations discussed for the
smaller plant also apply to the two-shaft
design.

Steam Conditions and Cycle Selection

The first step in selecting steam conditions
and the plant thermodynamic cycle is a
survey of experience with existing marine
power plants to determine the effect of
steain conditions, condenser vacuum, and
conventional regenerative components
(such as the rotary air heater, economizer,
and feed-heating equipment) on plant
availability and maintenance require-
ments. Much of this experience is avail-
able from the Maritime Administration’s
Maintenance and Repair Data Processing
and Evaluation program, and the West-
inghouse study made frequent use of
this information.

Steam  Pressure—Present conventional
practice in simple marine power plant
cycles is to use a steam pressure of about
850 psia at the turbine throttle. In high-
pressure plant cycles, 1200-psia systemns
are in use. Higher pressure provides im-
proved thermodynamic efficiency, but the
fuel cost saving is offset to a large degree
by increased first cost. For example, ex-
cluding maintenance costs, a 50,000-shp
plant operating at 1200 psi would have a
net life-cycle economic advantage over
an 850-psi system, but the advantage
would amount to less than a half day’s
revenue for a high-speed containership.
Furthermore, shipboard experience with
1200-psi steamn systems suggests that the
frequency of unscheduled plant outages
increases with increasing steam pressure.
Feed pumps, valves, and boilers in high-
pressure systemns have experienced a
significant number of problems requiring
plant shutdown. These problems have re-
sulted not only from the high pressure but

1—-The full-power heat balance for the 50,000-
shp simplified steam plant is shown on the
thermodynamic cycle diagram. With the dis-
counting of fuel costs, the full-power specific
fuel consumption is a relatively respectable
0.48 pounds/shp-hr, due in part to the good
mechanical efficiency of the large propulsion
turbines and the good combustion efficiency of
the large boilers.
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also from the increased sensitivity of the
high-pressure boiler to off-design water
chemistry.

Therefore, since the loss of a single
day’s revenue would cancel the entire
life-cycle economic advantage of higher
pressure, that small economic gain does
not warrant the increased risk to ship
availability.

Given the economic importance of high
availability, pressures lower than 850 psi
should also be given careful consideration.
Marine plants at 600 psi have, in general,
given extremely reliable service. However,
examination of Maritime Administration
data for boilers in 600- and 850-psi plants
indicates that no loss of availability
could be fairly ascribed to an 850-psi
selection. Furthermore, the increased
fuel cost for a 600-psi plant is about
$110,000 (present worth) over its life.
Since the capital and maintenance cost
advantages, if any, for the 600-psi plant
are small and would not offset the in-
creased fuel cost for a 600-psi plant, the
higher steam pressure of about 850 psi
seems the prudent selection.

Steam Temperature—In the past 20 years,
steam temperatures in marine power
plants have trended slowly upwards; a
950-degree-F superheater exit tempera-
ture is typical of a modern plant.

To determine the effect of increased
temperature on the reliability of the
marine superheater, Maritime Admini-
stration data were examined. Data for
125 ships operating for a total of 455 ship
years show 27 major boiler outages. Of
these, 11 involved failures in the super-
heater but none involved a superheater
operating below 950 degrees F. Thus it
appears that selection of a lower steam
temperature, say 900 degrees, could
reduce the risk of an unscheduled outage.

Again, a 950-degree steamn temperature
improves overall cycle efficiency, but the
life-cycle advantage of 950 over 900 de-
grees is only slightly more than the po-
tential loss of revenue from a single
day’s outage. Therefore, a steam tem-
perature of 900 degrees F was sclected.

Condenser Selection—Cycle simplification
generally means making one component
do more than one job. For example, the
main condenser can be used as a heat sink

for auxiliary turbines as well as the pro-
pulsion turbine. Elimination of auxiliary
condensers substantially simplifies the
condensate and seawater system.

A power plant condenser naturally de-
aerates, and it is often used to maintain
deoxygenated feed in  electric utility
stations. Using the condenser for this pur-
pose in a marine power plant can sub-
stantially simplify the steam plant piping
because the deaeration tank, with its long
piping runs, can be eliminated.

According to the Standards of the Heat
Exchange Institute, a condenser will
reliably deaerate provided certain condi-
tions arc met: For example, oversized air-
removal equipment must be installed;
drains and other returns to the condenser
must be introduced in a manner to cnsure
their deacration; and care must be taken
to ensure the tightness of the condenser
casing, the hotwell, the condensate pump
casing, and the interconnecting piping to
avoid in-leakage of air. The condensate
pump must not cavitate, even during
transients, since cavitation can result in
air ingestion. And finally, the heat-
transfer area of the condenser must not be
too large, because excessive area can
subcool previously condensed steamn.
These subcooled droplets can then absorb
any noncondensable gas in the condenser.

To size the condenser, it is necessary
to assume a range of injection tempera-
tures. In this case, the assumed range is
32 to 63 degrees F, typical of North
Atlantic requirements. The heat-transfer
area is then selected to meet HEI deacrat-
ing requirements; it will produce a back
pressure of 1.5 inchesof Hg in 55-degree-F
seawater, 2.0 inches in 65-degree water,
and 2.5 inches in 75-degree water (the
usual MarAd design temperature).

This performance implies that when
the ship operates in warmer water, it will
burn more fuel than it would if the con-
denser were sized for 1.5 inches Hg over
the full range of injection temperatures.
That fuel penalty is chargeable to the
deaerating capability of the condenser.
But, considering the difference in fuel
cost, condenser cost, circulating system
cost, and boiler cost, the life-cycle cost of
a condenser capable of producing 1.5
inches Hg at 75 degrees is actually higher

than that of the 1.5-inch, 55-degree
condenser. Thercfore, a deaerating con-
denser producing 1.5 inches of back
pressure in 55-degree seawater was
selected for the simplified steamn plant.

Selection of Regenerative Components

With inlet steaim conditions and condenser
vacuum established, the regenerative
equipment for the steam cycle can
be evaluated.

Regenerative Air Heater—Regeneration
in the boiler gas path to improve boiler
combustion efficiency is accomplished in
many modern steamn power plants with
rotary regenerative air heaters. In a 50,-
000-shp powcr plant, such regenerators
have the potential for saving more in fuel
costs than the first cost of both the re-
generator and the high-pressure feed
heating necessary to make optimum use
of it. However, the maintenance cost of
regenerative air heaters is relatively high;
because of the corrosive environment,
most baskets must be replaced at least
once during the life of the ship. Costs of
this maintenance are estimated to more
than offset the net apparent economic
gain of the regenerator. As a result, a
regenerative air heater is not used.

Economizer—Another component that
could be eliminated from the cycle is the
economizer, but, in this case, economic
considerations require that it be retained.
The increased cost of fuel over the life of
the ship for a plant without economizers
is necarly $750,000. Furthermore, the
maintenance history of this component in
recent marine power plants has been
good; little trouble has been experienced
with economizers when feed temperatures
are at least 280 degrees F (eliminating
problems with sulphuric acid corrosion).
Even with the conservative assumption of
an economizer replacement every five
years, the nct financial advantage re-
maining in favor of the economizer is
about $660,000. However, provisions
have been made to bypass the economizer
so that trouble with it will not seriously
affect ship availability.

The use of an economizer establishes
the requirement that the feedwater be
heated to a temperature of at least 280
degrees F to avoid the risk of sulphuric




acid corrosion. If the feedwater tempera-
ture is increased substantially above 280
degrees, cycle efficiency is enhanced, but
the improvement is more than offset by
reduction in combustion efficiency. There-
fore, in a plant with an economizer but no
air heater, the feed temperature should be
maintained close to 280 degrees. For this
plant, feed temperature is permitted to
vary over the range of 280 to 300 degrees
F to allow operational flexibility.

Stages of Feed Heating—Having estab-
lished feed temperature, the next step is to
select the number of fcedwater heaters.
One, two, and three stages of fced heating
were evaluated. It was found that the fuel
and capital cost savings resulting from
two stages of feed heating versus one stage
are substantially greater than onc day’s
outage time. Furthermore, the Maritime
Administration failure data indicate that
feed heaters are reliable components.
However, the addition of a third stage
does not appear justified because the ad-
ditional fuel savings are relatively small.

Feed-Pump Drive—Conventional marine
power plants use steam-driven feed
pumps. The use of steam drives allows
variable control of pump speed so that the
pressure differential across the feedwater
regulating valves can be maintained at a
constant value. In addition, the steam
exhausted from the feed-pump drive tur-
bines is conventionally directed to the
deaerating tank where it serves as a
source of heating steam over the full
power range. On the other hand, feed-
pump turbines require considerable main-
tenance. The steamm and exhaust piping,
and the drains required by the turbines,
are relatively more complex than an
electric motor drive with its circuit
breaker. Furthermore, automation of
electrically driven feed pumps is sub-
stantially simpler than that of steamn-
driven feed pumps.

An economic evaluation of electric feed-
pump drives indicates that for large
marine power plants, electrically driven
feed pumps also appear more economical.
The electric motor-driven pump has a
lower first cost and installation cost,
although these first-cost advantages are
offset by the increased first cost of the
turbine-generator set that must provide

the power to the electric motor. However,
a cycle efficiency advantage accrues with
the electric pump drive because of the
better mechanical and thermodynamic
efficiency of the turbine/gencrator,/ motor
drive versus that of the noncondensing
turbine drive. The fuel-cost savings of the
electric drive offsct the relatively small
first-cost difference, so the lower main-
tenance costs of the electric drive give it
a net economic advantage.

Steam Air Heaters—Many niarine power
plants employ steam air hcaters. These
heaters utilize extraction steam or feed-
pump turbine exhaust steam to supply
cnergy to an extended-surface heat ex-
changer in the boiler intake. Preheating
the air improves combustion efhciency,
and, in plants with steam-driven feed
pumps, a small improvement in net plant
efficiency with a steam air heater is often
demonstrable. However, elimination of
the deaerating tank and steam-driven feed
pumps in this simplified cycle alters the
economic desirability of the steam air
heater; since the heater does not improve
overall plant efficiency, there is no eco-
nomic incentive to install it.

Heat Balance—The full-power heat
balance for the 50,000-shp simplified
steam plant is shown in Fig. 1.

Steam System Design

Component selection for the simplified
steam plant must satisfy reasonable re-
dundancy requirements for all nmjor
propulsion plant components—the pro-
pulsion turbine, reduction gear, con-
denser, and boilers. Too much redun-
dancy would increase the maintenance
burden and complicate the plant; too
little redundancy would risk disruption of
the operating schedule by trouble in a
single component.

In conventional merchant ships, the
use of a single-screw power plant (one
propulsion turbine, one reduction gear,
one condenser) can usually be justified
(vis-a-vis a twin-screw plant) by first-cost
and fucl-cost savings. These savings
accrue from two sources: elimination of
the second shaft's worth of machinery
reduces first cost, particularly installation
costs; and, in fine-line ships, a single screw
generally possesses a better propuisive
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coeflicient, so the plant power required to
produce a given speed is reduced and fuel
consumption per mile at that speed is
decreased. These factors also make single-
screw power plants economically at-
tractive for large high-speed container-
ships and for super tankers (though to a
lesser extent for tankers because of their
fuller lines). However, the economic gains
of the single-shaft arrangement must be
evaluated against the risk (and potential
economic losses) of an unscheduled loss of
propulsion power.

The record of propulsion turbines, con-
densers, and gears in the merchant
marine service indicates that the risk of a
prolonged loss of propulsion power is
small; a loss of more than a few hours
duration is unlikely to occur during the
life of the ship. When this low risk is
balanced against the cost savings—po-
tentially several million dollars over the
life of the ship—single-shaft power plants
are, in fact, applicable to large high-
productivity ships.

With respect to boiler redundancy,
however, the argument is not so clear-cut.
The savings associated with a single-
boiler arrangement are in component and
installation costs. For a 50,000-shp power
plant, these savings are in the $60,000
range. Any means provided for emer-
gency propulsion—an auxiliary boiler,
for example—tends to diminish this
advantage. Therefore, the cost advantage
of the single boiler must be balanced
against the risks and costs of a boiler out-
age. These costs will be significant if the
trouble cannot be repaired by the crew,
because the ship will then suffer both
towing charges and lost revenue. The
amount of the loss will depend on the
trade route—up to $330,000 is possible
for a high-speed containership. Thus, for
most of the trade routes on which the
high-productivity ships will operate, a
two-boiler arrangement is the more
logical choice.

With respect to component redundancy
in the balance of the power plant, the
following criterion served as a basis for
system design: redundant components
are used as required to allow continued
operation of the ship in the event of any
single component breakdown. This means
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there will be at least two of all com-
ponents vital to plant operation. How-
ever, the ratings of redundant components
may be less than those equivalent to 100-
percent power if the potential loss of
revenue due to a component failure is
small compared with the cost of increas-
ing its rating to 100 percent.

Other factors also enter into selecting
the number of components. For example,
Coast Guard requirements set the total
installed spare feed-pump capacity at 100
percent. The ability of the ship’s service
turbine-generator to start a standby coin-
ponent is another consideration. A single
100-percent-rated pump, for example,
might be difficult to start, in which case
two 50-percent pumps are used.

Main and Extraction Steam System—High-
pressure steam from the boilers is directed
to four places, as shown in Fig. 2: the
high-pressure end of the main propulsion
turbine; the two ship’s service turbine-
generator sets; the low-pressure steam
generators; and the augment/reducing
valve, which supplies steam to the second-
stage feed heater as needed to maintain
feed temperature and, through a second
reducing station, to the gland-seal system
for the turbine-generator sets and main
engine. Steam from the augment valve is
also used for deaeration at low power.
The deaerating steam is directed to the
condenser through an orifice and remotely
controlled valve to a nozzle immediately
above the hotwell. The augment valve is
provided with isolation and bypass valves
to allow replacement and continued plant
operation in the event of malfunction.

Steam from the ship’s service turbine-
generators is exhausted directly to the
main condenser. Steam from the high-
pressure end of the propulsion turbine is
directed to the dual-flow low-pressure
turbine, from which it exhausts through
down-flow connections to the main con-
denser. A single astern turbine is provided
at one end of the low-pressure barrel.

Extraction steam to the second-stage
feed heater is provided from the high-
pressure/low-pressure turbine crossover.
At full power this pressure is approxi-
mately 60 psig. Steam for the first-stage
feed heater is extracted upstream from the
third stages of the low-pressure turbines.

The two low-pressure extraction points
are cross-connected inside the low-pres-
sure turbine casing; a single line connects
the extraction steam to the first-stage feed
heater.

Drains from the low-pressure steam gen-
erators are normally connected to the
second-stage feed heater. In the event of a
malfunction of the feed heaters, low-
pressure steam-generator drains may be
connected directly to the main condenser.

The condensing section of the second-
stage feed heater exhausts to the first-
stage feed heater through a level control
valve. The first-stage feed heater includes
a drain cooling section. Drains from this
section are directed through a deaerating
connection into the main condenser.

Feed and Condensate System—The feed
and condensate systems are diagrammed
in Fig. 3. The main condenser is equipped
with an oversized hotwell (by marine
standards); approximately five minutes
of fecdwater supply is contained to ensure
an adequate supply of feedwater during
steam plant malfunctions. The hotwell is
also sized to accommodate changes in
water level brought about by the de-
crease in boiler water inventory with
increasing power.

Two condensate pumps take suction
from the hotwell. Both pumps are
normally operated; each pump is rated at
100-percent condensate flow plus 10-per-
cent margin for recirculation and control.
Operating both condensate pumps en-
sures continuous and adequate feed-pump
suction pressure in case of an outage to
one.

Fixed recirculation is provided through
an orifice downstream from the two con-
densate pumps. Recirculating flow enters
the condenser through a deaerating con-
nection. The main condensate flow is
directed from the discharge of the pumps
through the composite feed-heater pack-
age. This feed-heater package contains
the drain cooler and condensing section
of the first-stage feed heater as well as the
second-stage feed heater. From the
composite feed heater, the condensate
flows to the suction of the main feed
pumps. Isolation and bypass valves are
provided around the feed heaters so that
the ship can operate on a temporary basis

in the event of an outage to either stage.

Two main feed pumps are provided,
each rated at 110 percent of rated feed-
water flow. The two-pump system meets
fluid system redundancy criteria and
Coast Guard regulations. Each pump
operates at 3600 rpm, is rated at 600 hp,
and may be started across the line. Dur-
ing normal plant operation, one pump
operates while the other is on standby. In
the event of a failure of one of the pumps,
more than one and a half minutes is
available to start the standby pump
before a low-boiler-level alarm occurs.

Feedwater flow to each boiler is con-
trolled by an electrically operated feed-
water regulating valve. The valve is
designed to provide satisfactory control
with a differential pressure across it vary-
ing between 300 psi and 100 psi.

Both the feedwater regulating valve
and the economizer are pravided with
isolation and bypass valves to allow
continued operation of the plant in the
event of a problern with either component.

Steam plant inventory control is
effected by means of high- and low-level
switches on the main condenser hotwell.
On the occurrence of a high level in the
hotwell, such as would exist when the
condensate expands during warm-up,
condensate is automatically dumped to
the feed bottoms from a connection
downstream from the condensate pumnps.
In case of a low level in the hotwell, indi-
cating that make-up is required, make-up
feed is introduced through a vacuum drag
valve and a deaerating nozzle into the
condenser.

Two vacuum pumps, rated at 7.5
fts/min at 1.5 inches Hg, are provided
for air removal from the condenser. Two
pumps are furnished to ensure continued
operation of the main turbine with one
pump out of service. Air removal capa-
bility is such that satisfactory deaeration
in the condenser ean be obtained with
onc pump operating. uring startup, and
at very low power with cold injection
temperatures, both pumps can be oper-
ated for maximum capacity.

Reliable Boiler Performance

The clear message of marine experience is
that to maintain a good availability
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record, attention must be paid to the
conditions under which the boiler is re-
quired to operate. Unscheduled outages
involving failures of boiler pressure parts
are often laid to the boiler, when in fact
they are the result of off-design water
chemistry conditions originating in a
component other than the boiler. Benefit-
ing from this experience, some specific
measures have been incorporated in the
simplified steam plant design to ensure
reliable boiler performance.

Low-Oxygen Condensate System—The en-
tire condensate system is designed to
minimize the risk of oxygenating the feed.
The influence of this factor in designing
the condenser to decaerate effectively has
already been discussed. Deacrating in the
condenser carries a bonus with respect to
plant oxygen level; it minimizes the rate
of formation of corrosion products in the
low-temperature end of the condensate
system. Such corrosion products deposit
in the boiler and can eventually lead to
tube burnout.

Other steps to minimize oxygen prob-
lems have also been taken. For example,
all drains are directed to a deaerating
nozzle in the condenser instead of a drain
collecting tank to avoid the possibility of
oxygenation in an atmospheric drain
tank. Elimination of pumped drains in-
volves a small penalty in cycle efficiency
but is easily justified in terms of reduced
maintenance.

Minimum-Makeup High-Pressure Circuit—
Makeup to the steam plant is minimized
because large and frequent additions of
water from the evaporators can introduce
oxygen, carbon dioxide, and trace quan-
tities of calcium and silicon compounds,
which can cause corrosion and scale on
the boiler tubes. Moreover, makeup
perturbs plant water chemistry and re-
quires that chemicals be added to main-
tain the feed within specifications. Fre-
quent addition of chemicals in itself
involves some risk of a boiler casualty. In
the simplified steamm plant, makeup re-
quirements arc minimized by reducing
the outflow from the plant. In con-
ventional plants, such outflow is due to
three principal causes: steam for atomiz-
ing the fuel, steam for soot blowing, and
leakage from the stcam and feed systems,

including removal of boiler water for
sampling purposes.

The outflow in the simplified steam
plant is drastically reduced. Steam for
atomizing and soot blowing is supplied
from the low-pressure (300-psi, saturated)
steam gencrators (Fig. 2). The low-
pressure fluid system is completely iso-
lated from the high-pressure circuit. The
temperature of the low-pressure stcam is
low, so the risk of oxygen pitting is small.
Scaling of the low-pressure side of the
low-pressure steam generators results only
in a reduction of steam pressure, not a
burnout. Thus, the high-makeup low-
pressure circuit is substantially less
sensitive to the chemistry of its makeup
water.

Only two functions besides propulsion,
electric power generation, and low-pres-
sure steam generation arc performed by
steamn from the 850-psi circuit: (1) An
augment systermn maintains the temper-
ature of the feed flow from the second-
stage feed heater above 280 degrees F;
this minimizes the chance of cconomizer
corrosion when the plant is at low power.
(2) The gland seal system maintains
positive pressure seals on the shafts of the
propulsion turbines and the ship’s-service
generator turbines.

With soot blowing and atomizing steam
supplied by the low-pressure steam circuit
and leakage minimized, the need for
frequent sampling of boiler water is
greatly reduced.

Clean High-Pressure Circuit—Many boiler
incidents start with large-scale con-
tamination of feedwater. Several measures
have been taken to avoid such incidents
in the simplified steam plant.

All necessary precautions have becn
taken in the design of the condenser to
minimize the risk of a scawater leak. To
further reduce the likelihoad of seawater
contamination of the feed, the evapor-
ators are supplied with steam from the
low-pressure steam system. The penalty
to cycle efficiency has again been justified
by the reduced risk of an unscheduled
plant outage.

Heating steam for fuel oil is supplied
by the low-pressure steam gencrators to
avoid the chance of contaminating the
main feedwater system with fuel oil.
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The gland-seal steam drains are di-
rected to the drain-collecting tank of the
low-pressure steam system. This has the
effect of increasing the net outflow from
the high-pressure circuit, but reducing
that from the low-pressure circuit. How-
ever, the chance of oil contamination in
the more sensitive high-pressure circuit is
reduced by this provision.

In Port

The short turnaround times of modern
ships make it desirable that the propulsion
turbine be operated on the turning gear
and that condenser vacuum be main-
tained while in port. Thus, the use of the
main condenser for the ship’s-service
turbine-generator sct exhaust constitutes
no particular operational inconvenience
in port.

The 50,000-shp plant is equipped with
a 600-kW diesel-generator set to allow
cold startup without resorting to shore
power. The diescl-generator set is also
capable of providing hotel loads, steering
powet, and other ship’s loads while main-
taining the power plant in a hot standby
condition.

Conclusions

Each feature of the simplified steam plant
has been selected by tradeoffs of capital
and fuel costs against potential future
maintenance costs and losses due to un-
scheduled outages so that the overall
plant will have near minimum life-cycle
costs. Although the economic analyses
are based on a high-speed containership
systein operating on a four- to five-day
North Atlantic trade route, the con-
clusians of the analyses are genecrally
applicable to other containership systems
and to tankers. Of course, the specific
results of some of the economic tradeoffs
on component sizing may change for
other applications.
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A New Parametric Device for

Filtering and
Voltage Stabilization

A unique power conditioner consisting
entirely of passive elements combines
the stabilization and filtering ability of
a parametrically energized oscillator
with the advantages of a conventional
flux-coupled transformer.

To insure dependable performance, elec-
trical control equipment often needs a
constant-voltage power source that is free
of harmonic and transient distortion.
These requirements are met in an un-
usual parametric transformer that pro-
vides several unique electrical charac-
teristics coupled with an input power
factor, efficiency, and size comparable to
that of conventional ferroresonant voltage
stabilizers. It provides a sinusoidal out-
put of low harmonic content even if the
input waveform is grossly distorted with
harmonics, random high-frequency noise,
or with high- or low-voltage transients.
While the new parametric transformer
was originally designed as a power filter,
it also provides load voltage stability
within plus or minus one percent of its
rated output for input power line swings
as much as ten percent.

The parametric transformer was de-
veloped at the Westinghouse Research
Laboratories in conjunction with the
company’s Specialty Transformer Divi-
sion, which also manufactures the units.
It is suited for protecting and stabilizing
such diverse apparatus as industrial con-
trol systems, medical electronic devices,
and power supplies for laboratory equip-
ment and photographic processing equip-
ment. In all those areas, equipment and
circuitry are sensitive to power-line inter-
ference caused by lightning strokes, load
switching, and electrically noisy loads
such as phase-controlled dc motors.

Description

The nonlinearities of the new trans-
former’s magnetic core provide its unique
performance characteristics. While its
operation is consequently more complex
than that of a conventional transformer,
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1—-Shown schematically are the main elements
of the parametric transformer. The device is
started by increasing the primary voltage (V,)
until it is sufficient to drive some primary flux
(¢,) through L, in the output leg. Once in
operation, ¢, traverses the input and middle
legs, and secondary flux (¢,) traverses the out-
put and middle legs.

Photo—The new parametric device, called the
SW Transformer, acts as a power filter and
voltage stabilizer. Its output voltage deviates
no more than *1 percent for input variances
of up to *+10 percent. From left to right are
the primary winding, secondary winding, ca-
pacitor bank, and terminal strip for different
voltage taps.




a simplified qualitative explanation can
be given. The device is basically a three-
leg laminated iron core with a primary
winding of self inductance, L, and a
secondary winding of self inductance, L,,
that has a capacitor connected with it in
parallel (Fig. 1). For normal operation
(input frequency = output frequeney),
the L,C tank circuit is tuned to resonate
at the operating frequency:
f=1'@2r/LL).

As long as the input voltage is below
the minimum starting voltage, the pri-
mary flux, &,, follows a closed path
through the input and middle legs be-
cause the air gap in the output leg pre-
sents too much opposition (reluctance) to
the flow of primary flux. As the input
voltage is increased, the primary flux
density in the middle leg increases until
that leg approaches saturation, thus
forcing some of &, into the output leg
and across the air gap. Once some of $,
is circulated through the output leg, the
L,C tank circuit becomes energized and
the transformer provides load voltage,
V,. For a more detailed discussion, see
“Parametric Transformer Operation” on
page 44.

The purpose of the air gap in the out-
put leg of the transformer is to help
provide a virtually sinusoidal output
voltage. Gap length generally varies with
the transformer’s volt-ampere rating and
is adjusted to give the best output wave-
form at full load. The gap could be
eliminated to provide a virtually square
output waveform that is ideally suited
for rectified outputs (dc power supplies).
The output voltage would still remain
locked at approximately 90 degrees to the
input voltage.

Performance Characteristics

Unlike conventional transformers and
ferroresonant voltage regulators, the new
parametric transformer does not ‘“start”
(provide load voltage) unless the input
voltage is within a predesigned range,
generally 95 to 135 volts. If the input
voltage is at or above the minimum, the
unit starts, as the output voltage rises in a
few cycles from almost zero to a specified
value. Once started, the unit maintains
output voltage even with a transient loss
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2—(Top) Regulation of the parametric trans-
former is illustrated in this typical family of
curves of the unit under various load condi-
tions. The switch-off locus indicates how much
the input voltage can drop before the unit
stops producing load voltage.

3—(Bottom) The general filtering ability of the
new transformer is demonstrated in this series
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of input/output waveforms. All voltages are
60 Hz, 115 V rms. In (a), 600-volt transients on
the input are attenuated over 60 dB in the out-
put. No discernible breakthrough occurs with
high-frequency input interference in (b). The
effects of discontinuities from cyclically
switched loads are completely eliminated in
the output of (c¢). A sinewave output results
in (d) even with a square-wave input.



Parametric Transformer Operation

The parametric transformer (Fig. 1) appears
to provide the designed output voltage, V,,
almost instantaneously once V), is brought up
to the minimum starting voltage. However,
several cycles are needed for V. to reach its
proper value (a). Whenever some primary flux,
&, begins traversing the output leg, a small
secondary current, I,, is induced in coil L.
The capacitive load causes I, to lead I, by 90
degrees, thereby placing the flux produced by
I, in phase with . Thus, ®, aids ¢, as they
traverse the output leg of the transformer.
After I, reaches a maximum value at time #,,

it starts to decay, charging the capacitor with b
voltage IV, at time t;. During the next quarter V, V.

cycle, the capacitor discharges, sending current
back into Ly to restore ®.. Since @, is aided by
@y, their interaction produces a net increase of

Start-Up Characteristics

total flux through the output leg and a Ip 1,

corresponding growth of secondary current at

time t;. As the increased /. decays during the

next quarter cycle, the capacitor is charged to a

new V, maximum at time t.. to t| t2 t3 ta {5

Secondary current, flux, and voltage
continue to grow in this manner until V,
reaches its operating value. Once this value is
obtained, the device prevents further growth by
automatically displacing the secondary voltage
90 degrees from the primary so that minimum
phase interaction occurs between them (b).
The fluxes become similarly displaced, but the
direction of &, is reversed so that flux addition It
only occurs in the middle leg (¢). For
simplification, all functions in (a), (b), and (¢)
are represented by sinusoids. With the tank
circuit now resonating in the steady state, the
capacitor draws only enough power from the
input source to overcome losses, supply voltage
for L. to produce secondary flux, and maintain
constant load voltage.

Unlike a conventional three-leg transformer,

Steady-State Operation

the parametric transformer, in the steady state, to
does not transfer energy to the secondary
circuit by direct coupling with primary flux.
Instead, it transfers energy parametrically, i.e.,
by periodically varying (pumping) one of the
circuit parameters, which in this case is
inductance. The inductance of a coil is given
by L = N* Au/l, where 4 is the area of the
core’s cross section, N is the number of coil
turns, ! is the mean length of the flux path
through the core, and g is the core’s
permeability. All terms are physical constants
except u, which is a function of the flux density
in the core. Thus, a change in the flux density
in any part of a coil’s flux path causes a change
in the core’s u, and hence the coil’s inductance.

In the steady state, the phase relationship of
@, P, and the total flux (¢ = &, + b,)
through the middle leg is shown idealized in
(). At time t,, the density of ¥, becomes

Steady-State Flux
Through Middle Leg

Inductance Lp
and L

ol e —

c—-——

to t2




great enough to substantially increasc the
reluctance of the middle leg. This high
reluctance condition causes a drop in the
middle leg’s 4, which reduces the inductance
presented by L, and L.. A quarter cycle later
at time (2, &, declines, reducing the flux density
sufficiently to revert the inductances of L, and
L. to their original higher values. Thus, the
inductances are pumped at twice the operating
frequency, undergoing transitions each quarter
cycle at ty, t2, ts, etc.

When inductance L; drops to its low value
at ¢, b, attempts to drop, but itis
counteracted by the primary winding drawing
additional current from the source. The net
affect is an increase in L,’s electromagnetic
energy (Un = LI?/2) at t,. At this instant, the
secondary current is zero, so the energy in L.
is zero. However, the rate of rise of I, from
t, to t: becomes a little greater than shown
because L. is attempting to oppose the low
inductance condition instilled in it at &, When
¢, becomes low enough to allow L. to revert
to its high value at t., the increased secondary
current, gained by the faster rise, induces an
extra emf (e L di/dt) that helps the
secondary voltage, V., increase from zero at
that time. Finally, at time ts, V. reaches its
maximum, so the electrostatic energy in the
capacitor is maximum (Ux = CV*/2), and
the energy transfer chain from primary to
secondary circuits is complete. This entire
sequence now repeats itself and continues to do
so every half cycle.

Although this describes the basic operating
principle, actual operation differs in that the
period of time when inductance is low amounts
to only about 13 degrees each half cycle instead
of 90 degrees as illustrated. This is due to the
somewhat abrupt, nonlinear magnetizing
characteristic of the iron core, which causes the
current and flux waveforms to become more
pulse-shaped than those approximated with
sinusoids. Thus, the device has excellent
filtering ability, since interference can only be
passed between primary and secondary
magnetic circuits whenever they are coupled
(the low-inductance interval). Stable operation
can be obtained when the inductances are
pumped at any multiple or submultiple of the
tank’s resonant frequency, but maximum
efficiency is gained by pumping them at twice
the resonant frequency as shown.

Under light or no-load conditions, any
tendency for the resonating capacitor to charge
up to an excessively high voltage is
counteracted by the transformer. The device
automatically adjusts the timing at which the
inductances are pumped with respect to the
phase of the corresponding currents, so that
the energy in the capacitor reaches a fixed
maximum each cycle. This results in a highly
stable ac output voltage.

of the input voltage. Sustained reduction
of input voltage does, however, cause an
abrupt switch-off at some valuc de-
pendent on the load. The standard line of

‘parametric transformers has been de-

signed for a 120-volt output at a tolerance
of +1 percent for an input variation of
+10 percent. (Other voltage ratings,
however, can be designed if required.)
IR drops in the windings produce some
change in the output voltage with chang-
ing load (regulation). For the standard
transformer line, load regulation is better
than + 15 percent no load to full load
(Fig. 2).

The fact that the new transformer is a
parametric device indicates an inherent
degree of filtering ability. Parametric
devices are noted for their ability to
selectively operate at only one preset
frequency, with high rejection of all
others. Another reason for the unit’s
excellent filtering ability is that the input
is effectively coupled to the output for
only about 30 degrees each cycle. Typical
attenuation of high voltage transients
generally exceeds 63 dB: for high-fre-
quency high-voltage interference, there is
no discernible breakthrough. In addition,
the cffective decoupling of the input and
output circuits for the major part of each
cycle means that the output voltage wave-
form is virtually independent of the input.
A sinusoidal output results whether the
input is square, distorted with transients,
or even multipulsed, so long as the input
frequency is correct (Fig. 3).

Application Areas

The new parametric transformer is called
the SW Transformer by its manufacturer,
the Specialty Transformer Division. It
is particularly useful in areas where
sensitive equipment must operate from
the same power lines as heavy industrial
apparatus. Control computers, data-
processing computers, and numerical
controls are especially vulnerable to
voltage variations of any kind; an SW
Transformer used as a preregulator to the
power supply helps provide the stable
voltages needed for dependable operation.

Unwanted interference in the power
line can often distort the results of labo-
ratory experiments that use sensitive test
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equipment such as digital meters. The
SW Transformer functioning as a voltage
stabilizer and power filter eliminates this
problem and frequently provides an
extra degree of accuracy.

Another application lies in industrial
lighting. Besides providing a constant
light output, the transformer removes the
interference that some lighting systems
introduce back into the power line.

The new stabilizer also improves the
consistency of exposures for photographic
enlargers, and it has many uses in the
medical industry where sensitive equip-
ment must monitor and support human
life. Other applications are use as an out-
put transformer in a dc-to-ac inverter
(which automatically provides sinewave
filtering, output voltage stabilization,
and short-circuit load protection) and as
an ae-to-dc power supply or preregulator.
The stabilizer may also be used as a one-
to-three-phase converter by Scott-connect-
ing input and output voltages, which
arc in quadrature, or even as a frequency
changer (from 60 to 20 or 30 Hz).
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Polyphase Induction Motors

and Noise

Noise standards can be confusing with-
out some basic understanding of the
different ways in which noise is meas-
ured. With that understanding, the
standards can be applied rationally.

Noise has become an increasingly im-
portant factor in the design and appli-
cation of mechanical devices because of
the growing realization that exposure to
high levels over a long period can cause
undesirable effects, including hearing
damage. This growing concern with noise
as an environmental hazard is reflected
by the provisions on occupational noise
exposure of state, local, and federal
legislation, such as the Walsh-Healy
Public Contracts Act.

Electric motors are the workhorses of
the mechanized world, and the bulk of
them are polyphase induction motors run
on ordinary 60-hertz power. Conse-
quently, the National Electrical Manu-
facturers Association (NEMA) has estab-
lished recommended limits for the noise
produced by these motors. Most standard

induction motors meet the NEMA
recommendations.

What Noise Is and How

It Is Measured

Airborne noise, which is the subject of
this article, is composed of sound waves
of different intensity and frequency. A
complete description of a noise should
specify both sound pressure level (also
called sound intensity) and frequency
composition.

Sound Pressure Level—Sound pressure
level is the measure of pressure exerted
by the sound waves at any given location.
It is expressed in a logarithmic unit
called decibels (dB):

Sound Pressure Level =20 log s .,

Pref

where P is the actual measured pressure
of the sound waves and P, is the refer-
ence pressure level equal to 0.0002
microbar. (This reference pressure level is

P. K. Shenoy is a design engineer in the Research and
Development Section, Medium AC Motor and Gearing
Division, Westinghouse Electric Corporation, Buffalo,
New York.

the lowest pressure audible to the average
person at 1000 hertz). Zero dB corres-
ponds to a pressure level of 0.0002 micro-
bar, or reference pressure level; a nega-
tive value indicates a level below the
reference point, while a positive value
indicates a level above it.

Frequency—The human ear is capable
of responding to frequencies up to about
20,000 hertz, but its sensitivity varies with
frequency as indicated in Fig. 1. The
lower curve shows the minimum noise
level, in decibels of pure tones of a given
frequency, audible to human ears. For
low frequencies, the threshold audible
level is well above 0 dB, which happens to
be the threshold level for a 1000-hertz
pure tone. The threshold falls below 0 dB
in the range between 2000 and 5000
hertz. The upper curve shows the thres-
hold where the ears start feeling pain.

It is impractical to measure sound level
at all frequencies, so for practical pur-
poses the audio frequency range is di-
vided into frequency bands. Each band is
identified by a center frequency, a lower
cutoff frequency, and a higher cutoff
frequency. An octave band is a particular
case of division such that the ratio be-
tween any two consecutive band center
frequencies, or between the edge frequen-
cies of the same band, is 2 to 1. Standard
octave bands used for acoustical measure-
ments are given in Table I. The first part
shows the current standards; the second
part, 1953 standards now superseded.

Sound pressure levels for each octave
band can completely describe the noise
of the device. However, a single value
that takes into consideration the fre-
quency composition is more desirable be-
cause it is simpler to measure and to use.
Such a value is overall sound level, as
read from standard sound-level meters
with proper weighting. “Weighting” re-
fers to a particular frequency response
built into the measuring electronic circuit
to provide predetermined gains over the
whole audio range. The American Na-
tional Standards Institute (formerly USA
Standards Institute and, before that,
American Standards Association) has
provided three types of weighting net-
works, designated A, B, and C. In ad-
dition, there is a linear or “flat” scale in
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1—(Above) The response of average human
hearing for pure tones varies with frequency.
The lower curve shows minimum audible
sound levels; the upper, levels at which the
cars start feeling pain.

2—(Right) Frequency response characteristics
of standard sound-level meters illustrate the
built-in circuit responses that produce the
A-, B-, and C-weighted values. The A-weighted
curve is especially useful because it closely
approximates the response of the human ear
to noise.




Table I. Octave Bands*

_;A;SI—.YTG-I960,-Pre7e;r:d F;equ;nci;for T_
Acoustical Measurement
- Ba;d Edge W o Centerf
Frequency Frequency
" a5/90 | 63
T 90/180 125
T 1807355 250 |
T sssm0 | 500
71071400 | 1000
T 1400/2800 ~ 2000
T 280075600 | 4000 |
T 5600/12,000 | 8000

ANSI Z24.10-1953, Octave-Band Filter Set
for the Analysis of Noise and Other Sources

Center .[ sznzi Edge 7
Frequency Frequency
) 53 ' 20/75
BT S )
212 150/300
42 —,[ 300/600
) 1 600,/1200
1695 — 120072400
3390 2400/4800
T 6780 480079600

* Test Procedure for Airborne Noise Measurements on Rotating Electrical Machinery, IEEE No. 85, Feb. 1965.

Table 11. Motor Ratings Covered by NEM

A Noise Information

o H;;power I—_ Speed ‘(r7min) T Enclosure* I Standard
- B _ _ 1 -
1.5—250 3600 DRPR | NEMA
I T - — 1 MG 1-12.49,
1.5—150 ‘ 3600 TEFC | Feb. 1970
1—200 1800 DRPR
1—150 T 1800 TEFC
e — S — — . ]
0.75—150 1200 DRPR Being
S EE— T 1 established
. 013—130 - 1200 | - TEFC by subcommittee
0.5—100 900 DRPR
0.5—100 900 TEFC *
All Other Ratings All l No information
enclosures 1 established
*DRPR stands for “dripproof,” TEFC for “totally enclosed fan-cooled.”
1 T ITTTTT 1 1T 17 T T TTTTT I l\llll.l

Relative Meter Response—dB

Lt il 1 ] 1

L1 1111l | RN N

40 60 80 100 200

H0 - 600 800 1000 2000 4000 6000 8000

Frequency—Hz
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which no gain is provided for any fre-
quency. The frequency characteristics of
the ANSI Standard weighting networks
for sound-level meters are given in
Fig. 2.

Of particular interest is the A-weighted
curve because it closely simulates the
actual response of the human ear. In it,
large attenuation is provided for low
frequency, none at 1000 hertz, and some
gains between 1000 to 5000 hertz. This
curve is a “flipped” 1mage of the audi-
bility threshold curve of Fig. 1 about the
0-dB axis. Use of A-weighted values is be-
coming more common for describing
sound levels of all devices.

Sound Power Level—The sound pressure
level for an overall or octave-band read-
ing should also specify the location of the
measuring point, since sound pressure
varies with the distance from the source.
Moreover, most practical devices such as
motors, transformers, and machine tools
do not radiate noise uniformly in all di-
rections, so any single location does not
give a true picture of the sound field around
the device. To solve this difficulty, sound
pressure level readings are taken at sev-
eral points located on a well-defined
geomectrical contour such as a hemisphere.
An average pressure level is determined
and, from it, the average radiated sound
power level (in decibels) is calculated:

Sound Power Level=10 log L »
ref
where W is average sound power level and
Wiet is reference power level equal to
10712 watts. Sound power level readings
are independent of the locations of the
measuring points.

Induction-Meotor Noise

The range of ac motors for which noise-
level limits are presently available as
NEMA authorized engineering informa-
tion is shown in Table II. The motors are
tested under no-load conditions at rated
voltage and frequency. (Full-load noise
tests are impractical, since one cannot
isolate the noise of the driven load.) The
test specification! allows for a single point
measurement, a complete octave-band
sound pressure analysis, or a complete
octave-band sound power level analysis
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Table 111. Noise Levels of Polyphase Squirrel-Cage Induction Motors

Horsepower

15,2,3
5 7.5

100, 125
150, 200
1.5,2
3,5
755,10
15, 20
25, 30
40, 50
60, 75
100
125, 150

125, 150

Enclosure Type
Dripprdof

Synchronous

Speed (r/min)

3600
3600
3600
3600
3600
3600
3600
3600
3600

Drip].;roc;fﬁ B 1800

Totally

Enclosed
Fan-Cooled

Totally
Enclosed
Fan-Cooled

1800
1800
1800
1800
1800
1800
1800
1800

3600
3600
3600
3600
3600
3600
3600
3600
3600

1800
1800
1800
1800
1800
1800
1800
1800
1800

[

T

S

Sound Power Levels (decil;ei::vreference level = IO"'—z;a;J)

Octave Bands (center frequency, hertz) Ouerall Noise
50 500 1000 2000 4000 8000 (A weighting)
65 73 71 68 66 61 76
71 79 75 72 68 64 80
79 82 79 76 70 68 84
83 85 82 79 74 73 87
87 88 85 82 77 77 90
92 92 89 86 80 81 94
95 96 94 90 84 85 98
97 100 97 93 87 88 102
99 103 101 97 91 91 105
61 67 64 62 61 48 70
68 69 66 66 63 52 72
73 72 70 70 66 56 76
79 76 75 74 69 61 80
82 78 78 77 71 64 83
85 81 82 80 73 67 86
88 84 85 82 75 70 89
91 88 88 84 78 73 92
94 92 89 86 80 75 94
75 81 84 82 76 72 88
79 85 87 85 80 77 91
82 88 90 89 84 80 94
87 92 93 93 88 84 98
89 95 95 95 90 86 ‘ 100
92 98 98 97 93 88 ‘ 103
95 100 100 99 95 91 105
97 102 101 100 97 92 106
99 103 102 101 98 o | 107
65 66 71 67 60 55 74
70 72 75 73 66 60 79
74 78 80 78 70 65 84
80 84 86 83 75 69 89
83 88 89 86 78 72 92
88 94 94 89 82 75 97
92 97 97 92 85 78 100
95 99 99 94 88 80 102
99 101 109 97 90 82 | 104

The no-load sound power levels of Design A, B, and C polyphase squirrel-cage motors in Frames 143T to 445T, inclusive, generally do not exceed the values given when

measured in accordance with the Feb. 1965 edition of IEEE Publication No. 85.

From NEMA MG 1-12.49, Feb. 1970.




3—(Left) Sound measurements are taken at
several points around a motor and an average
pressure level determined. The IEEE test speci-
fication used requires that microphones be
located on a hypothetical hemisphere.

obtained from the pressure level readings.
The tests are conducted in a controlled
environment. Because motors do not
radiate sound wniformly in all directions,
the microphones are located on a hypo-
thetical hemisphere as shown in Fig. 3,
with 4, 6, or 12 measuring points on this
contour. Tests are conducted in free-field
(essentially echoless) or semi-free-field
conditions, or in reverberant- or semi-
reverberant-field conditions. The photos
(page 50) show a semianechoic chamber
in which semi-free-field conditions are
created by alining of wedge-shaped sound-
absorbing material on all sides except
the hard reflecting floor. Sound power
level values established by NEMA as
authorized engineering information for
T-framemotorsaregivenin TableII11. The
values broadly represent noise levels of
motors that are typical of today’s con-
struction. Actually, a given motor built
by any manufacturer may not have peaks

Table 1V. Proposed IEC Limits for Sound Power Level (dBA)

Speed Range n (r/min) —>| n <960

|
1

960 < n <1320 {1320 <n< 19007!1
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in all the bands, with the result that over-
all values are less than those shown in
the table.

The main noise sources in motors are
electromagnetic, mechanical, and wind-
age noises. Their frequency compositions
vary with internal design.

International Standards for
Motor Noise

Interest in noise standards is worldwide,
and the International Electrotechnical
Cominission has a working group finaliz-
ing a document on airborne noise limits
for rotating electrical machinery. Pro-
posed limits for sound power level in A-
weighted dB (dBA) are givenin Table IV,
while Table V gives the proposed limits
for sound pressure level at a distance of
one meter from the surface. Both types of
values are proposed because some coun-
tries use one and some the other. No
valuesare established for each octave band.

00 < n < 23602360 - <n< 3150 3150 <n < 3750

Type of Ventilation —| DRPR | TEFC | DRPR | TEFC DRPR | TEFC DRPRl TEFC | DRPR|TEFC | DRPR|TEFC
Electrical Power P (kW) I 0 T B ‘
ilattdhnde et A— ' ] | g \ 1

P< 11 — 76 — 79 | — 80 — | 8 | — | & | — 86
1.1 <P<L22 — 79 | — 80 — | 83 — 87 — 89 — | o
22 <P<55 | — 82 — 8¢ | — | 87 | — | e | — | e | _— 95
55 < P< 11 82 8 | 8 | 88 88 | 91 | 91 | 9 94 | 97 | 97 | 100
11 <P<22 86 89 89 93 92 % | 94 98 97 | 101 | 100 | 103
2 <P< 37 | 89 91 | 92 95 94 97 96 | 100 99 | 103 102 | 105
37 <P<55 | 90 92 | 94 97 97 | 99 | 99 | 103 101 | 105 | 104 | 107
55 < P< 110 94 9% | 97 | 101 100 | 103 | 102 | 105 104 | 107 | 106 | 109
110 < P < 220 98 | 100 100 | 104 103 | 106 105 | 108 | 107 | 110 | 108 | 112
220 < P < 400 | 100 | 102 | 103 | 106 106 | 109 J 107 | 111 | 108 _[ 112 | 110 | 114

Table V. Proposed 1IEC Limits for Sound Pressure Level at One Meter from Machine Surface (dBA)

Speed Range n (r/min) > n<o60 + 960 < n < 1320 [ 1320 < n < 19001900 < n < 2360 2360 < n < 3150|3150 < n < 3?56
Type of Ventilation > DRPR|TEFC | DRPR|TEFC | DRPRJ TEFC | DRPR | TEFC T DRPRITEFC I DRPR J(TEFC

— S — e — — R - — S - + S — - —— —
Flectm:al Power P (IcW) 1 : T ‘ ‘ ‘

S— o

P< 1l — 67 — | | = |n | — ‘ — | | = 77

1.1 <P<22 — 69 — 70 — B — 78 | — | 80 — 82
22 <P<L55 — | 7 — |1 | = |7 — | 82 — | 83 — | 8
55 < P< 11 72 75 75 | 718 | 78 81 81 86 84 87 87 l 90
11 <P< 22 75 78 78 | 82 81.5 | 855 83.5 | 87.5 865 | 905 | 90 93
29 < P<37 775 | 795 80.5 | 83.5 83 86 855 | 895 885 | 92.5 92 | 95
37 <P<55 785 | 80.5 825 | 855 86 | 88 88 94 | 93" | 96 ’ 955 | 985
55 < P< 110 82 84 85 89 88.5 | 91.5 905 | 935 | 925 | 955 95 98
110 < P < 220 85 87 87 91 90.5 | 935 93 9% | 95 | 98 9% | 100
220 < P < 400 | 8 | 88 89 92 925 | 955 | 94 j 98 | 95 | 99 98  |102

Tables IV and V are from Draft Document on Noise Limits for Rotating Electrical Machines, Technical Committee No. 2, Rotatmg Machinery, International Electrotech-
nical Commission.
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Walsh-Healy Act

Of the many regulations in force to con-
trol noise levels, the provisions of the
Walsh-Healy Act on occupational noise
exposure have been most widely quoted
and used. The A-weighted sound pressure
levels permitted by it for daily exposure
are shown in Table VI. When noise levels
are determined by octave-band analysis
of sound pressure level, Fig. 4 is used
to determine the equivalent A-weighted
sound level. The A-weighted sound level
corresponding to the point of highest pen-
etration into the octave-band sound level
contours is taken as the A-weighted sound

Table V1. Permissible Noise Exposures,
Walsh-Healy Act

Duration ‘VSound

per Day Level

(hours) (dB4)
8 90
6 92
4 95
3 N 97
2 100
1% - 102
1 105
% 110
14 or less 115

LRI LI YOS

= 130 ;

| 120

- 120 115

=1

3

% 110k 110

2 105

2 100 100

v

3

£ 90|-A-Weighted »

@) Sound Level—dBA 90
80 I I e 11 ML

100 200 500 1000 2000 4000 8000
Band Center Frequency—Hz

4—The Walsh-Healy act provides this graph
for users who can’t apply Table VI directly
because their data are in octave-band sound
pressure rather than in A-weighted sound
pressure. The user determines the A-weighted
sound level corresponding to the highest point
of penetration into the contours.

5=Tests are conducted in a controlled environ-

ment, in this example a semianechoic chamber.
The chamber is lined with sound-absorbing
wedges on all sides except the floor. The tester
is locating a microphone with respect to the
motor and the floor; it will transmit sound
to measuring equipment outside the room.

level. Then the period of exposure is de-
termined from Table VI.

There has been some misunderstanding
about the use and application of this act;
for example, some people have applied
the limits directly to equipment. Actu-
ally, the limits given in the act refer to
noise levels a human is exposed to at his
work station. These levels depend on
many factors such as the person’s distance
from the noise source, the number and
types of sources in the vicinity, and their
locations. Also, the numbers given in the
table are sound pressure levels and not
sound power levels. Typically, for a motor,
the sound pressure level at 3 feet from
the surface is about 10 dB less than the
sound power level.

Conclusion

To summarize, noise is a complex subject
but one in which concern for people’s
well-being has resulted in creation of
industry standards and government regu-
lations. The motor user as well as the
motor manufacturer has a role to play in
controiling noise exposure.

REFERENCE:
Y Test Procedure for Airborne Noise Measurements on Rotating
Electrical Machinery, IEEE No. 85, Feb. 1965.
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Solid-State Rod Control System for
Pressurized Water Reactors

A solid-state rod control system has re-
placed a motor-driven cam-controlled
contactor system for pressurized-water
reactors. The first plant to use the new
sysiem was the Robert Emmett Ginna
Plant of Rochester Gas and Electric
Company, which began producing elec-
tricity for the Rochester, New York,
area in December 1969.

A flexible, modular, highly reliable solid-
state rod drive system for pressurized-
water reactor plants has been proven by
the trouble-free operation on the Robert
Emmett Ginna PWR. Modular design
permits the system to accommodate a wide
range of plant sizes. It will be used on all
nuclear plants that Westinghouse pres-
ently has under construction or on order.

Control-Rod Stepping Mechanism

As the demand for electrical power from a
pressurized-water plant increases or de-
creases, the rate of heat generation in the
nuclear reactor is adjusted by withdraw-
ing control-rod assemblies if more power is
needed, or inserting them if a decrease in
power is desired. The Ginna reactor has
33 control-rod assemblies, each containing
16 absorber rods to control the rate of
fission. Twenty-one full-length rod as-
semblies are used to control the rate of
fission during normal operation; eight
full-length rod assemblies are used for
plant shutdown; and four part-length rod
assemblies are used to control the neutron
flux distribution within the reactor.

The system presently used to raise and
lower the full-length control-rod as-
semblies incorporates a jack-type electro-
mechanical mechanism within the reactor
to withdraw or insert each assembly. Con-
trol rods are moved in steps of 5% inch,
repeated as many times as necessary to
move the rods to a position that produces
the desired output from the reactor. Each

F. T. Thompson is Director, Instrumentation and Sys-
tems Research, Research Laboratories, Westinghouse
Electric Corporation, Pittsburgh, Pennsylvania.

The author acknowledges the many contributions of
Aundré Wavre, who carried this development to a suc-
cessful conclusion, and he thanks Dean Santis for his
contributions to the logic unit.

jack mechanisin (Fig. 1) includes three
electromagnetic coils: one for gripping the
rod to a movable member, one for lifting
the movable member, and one for holding
the rod in a stationary position. The coils
are energized in a specific sequence. To
raise (withdraw) a rod that is being held
by the energized stationary coil, the fol-
lowing sequence is employed: the movable
coil is energized, gripping the rod to the
movable member; the stationary coil is
de-energized; the lift coil is energized,
raising the rod and the movable member;
the stationary coil is energized, holding
the rod in its new position; the movable
coil is de-energized, releasing the rod
from the movable member; and, finally,
the lift coil is de-energized, permitting the
movable member to fall to its original
position. A similar sequenee is followed
for lowering the rod. In case of emer-
gency, the reactor is shut down by de-
energizing the stationary, movable, and
lift coils so that rods fall by gravity to
their fully inserted position.

The present jack-type mechanism is
capable of operating at 72 steps per minute
to provide a maximum rod speed of 45
inches per minute. This is a significant
improvement over the previous mech-
anism, which had a step length of 34 inch
and a rate of 60 steps per minute. The
faster rod speed improves the capability
of the plant to follow variations in
electrical demand.

Since the new rod mechanism has a
higher power requirement than the pre-
vious design, a redesign of the power
supply for the electromagnetic coils was
necessary. The current supplied to the
coils of the previous mechanisin was con-
trolled by means of electrical contactors
that connected the coils across a regulated
dc voltage in the proper sequence. The
sequence was generated by a motor-
driven set of cams, rotated one revolution
per step. This fixed-voltage, on-off switch-
Ing arrangement was satisfactory for the
lower-speed, lower-power mechanism,

but it is not so well suited to the higher-
power design. For example, coil resistance
varies considerably as coil temperature
varies over a range from 25 degrees C to
the maximum operating temperature of
200 degrees C. The excess current over

F. T. Thompson

the required value would increase the
operating temperature of the coil and
shorten its life. Furthermore, the energy
stored in the inductance of the coil must
be dissipated in the contacts or suitable
transient suppression devices. This dis-
sipation can be a limiting design factor at
higher stepping rates. And finally, a tim-
ing malfunction could cause excessive
dissipation in the coils due to high-current
excitation for an extended period.

Solid-State System

To avoid those problems inherent with a
cam-controlled contactor system using
fixed-voltage on-off switching, a new
solid-state rod control system was de-
veloped. It is highly reliable and improves
operating conditions to increase mecha-
nism life.

A simplified diagram of the rod control
power supply system is shown in Fig. 2.
Three-phase ac power is supplied by two
separate motor-generator sets, which are
driven from two sources of ac power. The
generators are synchronized to provide a
single source of redundant three-phase
60-Hz power. The redundancy is needed
to ensure a reliable continuous source of
power to the mechanisms.

A separate controlled rectifier assembly
is used for each subgroup of four lift coils,
movable gripper coils, and stationary
gripper coils. A simplified diagram of a
rectifier circuit is shown in Fig. 3. The
load, which consists of the mechanism
coils, is highly inductive and results in a
nearly constant current during a line-
voltage cycle. Under steady-state condi-
tions, the magnitude of the current is
proportional to the average voltage ap-
plied by the controlled rectifiers. This
voltage is controlled by adjusting the
phase of the firing pulses applied to the
gates of thyristors QJ, 02, and Q3. The
voltage applied to the load for three dif-
ferent firing angles is shown by the heavy
dark curve; the resulting load current is
also shown. The use of a three-phase ac
voltage permits simple, reliable, natural
commutation of current from one thyris-
tor to another.

Problems that could result from power-
source voltage variation, coil resistance
tolerance, and a 1.7-to-1 variation of coil
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resistance with temperature are avoided
by using a closed-loop system to regulate
coil current. The load for a set of thyristors
consists of four coils connected in parallel.
A diode in series with each coil prevents
current from circulating between the coils.
A precision current-monitoring resistor is
also connected in series with each coil as
shown in Fig. 4. The largest of the four
currents is compared with a current refer-
ence signal by the auctioneering current
regulator, and the error signal is used to
control the phase angle of the firing pulse
generator. In this manner, coil currentcan
be controlled at any desired value and is
relatively independent of line voltage and
coil resistance.

The ability to regulate current results
in lower coil dissipation and thercfore
lower coil temperature and longer mecha-
nism life. A comparison of the lift-coil
current waveforms for the contactor and
solid-state systems is given in Fig. 5. In
both systems, current is permitted to in-
crease with full-voltage forcing untila cur-
rent level is reached which ensures that
mechanical movement has taken place.
The solid-state system then regulates the
current at this value, independent of
power supply voltage and coil tempera-
ture. In the contactor system, current
rises to a higher value, determined by
supply voltage and colil resistance.

After mechanical movement has been
achieved, the magnetic air gap is reduced
and less current is required to hold the
lift coil in the raised position. The current
is reduced as shown, which permits a re-
duction in dissipation and faster decay
of current when mechanisim release is de-
sired. In the solid-state system, the power
dissipation problem is solved by returning
power to the m-g set when the current is
suddenly reduced rather than being dissi-
pated in an arc. Furthermore, only
normal line voltage appears across the
coils, which reduces voltage stress on the
coils and connecting cables.

A separate current-regulating loop 1is
provided for lift coils, movable gripper

I—Rod control drive mechanism.

2—Rod control power supply system.
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coils, and stationary gripper coils. The
current values correspond to the reference
command signals applied to the current
regulators, as shown on the withdrawal
and insertion sequences shown in Fig. 6.
The 780-millisecond sequence corresponds
to one mechanism step. The system re-
mains at time zero until the master
control calls for a mechanism step, and
then a single sequence is initiated. The
rate of rod movement depends on how
often a sequence is initiated.

The mechanical slave cycler used in the
contactor system has been replaced by
the integrated-circuit solid-state slave
cycler shown in Fig. 7. The input go pulse
line is energized to initiate a cycle. This
sets the pulse-control circuit and permits
the 164-Hz square wave to drive a count-
er. Specific counts are recognized sequenti-
ally by the decoder and initiate full-cur-
rent, reduced-current, or zero-current
orders to the lift, movable-gripper, and
stationary-gripper signal generators. A
completion signal from the decoder
signals the end of the 128-count sequence,
resets the pulse control circuit, and holds
the counter in the zero state. One slave
cycler is required for each independently
operated power supply.

Plant Organization

The maximum configuration plant con-
tains four control banks of three groups
per bank, and two shutdown banks of
three groups per bank. If each group of
each bank had to be moved independently
at any instant, 18 power supplies would
be required. Fortunately, this is not the
case because shutdown rods are not oper-
ated at the same time as control rods. The
shutdown rods are fully withdrawn dur-
ing plant startup and remain there until
plant shutdown is desired. Therefore, a
multiplexing system permits rod power
supplies to be shared between control
banks and shutdown banks. Furthermore,
the plant is organized so that the rods of
banks A4 and C are never moved at the
same time, which permits power supplies

3—Phase-controlled thyristor operation.

4—Current regulator system.
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to be shared between these banks. Simi-
larly, the rods of banks B and D are never
moved simultaneously. As a result, the
maximum four-bank configuration re-
quires only six power supplies for the con-
trol and shutdown banks. These supplies
are designated /4C, 24C, 3AC, I1BD, 2BD
and 3BD. The /AC supply is shared by
control bank 4 group 1, control bank C
group 1, and by shutdown bank A4 group
1. Similarly, the designations 24C and
3AC refer to groups 2 and 3 respectively of
banks 4 and C. The /BD supply is shared
by control bank B group 1, control
bank D group 1, and shutdown bank B
group 1. The 2BD and 3BD supplies
control groups 2 and 3 of these banks.

The arrangement of banks, groups, and
mechanisms for the Rochester Gas and
Electric system is shown in Table 1. There
are four control banks of two groups each
and one shutdown bank of two groups.
Each group consists of a number of
mechanisins that are electrically paral-
leled to step simultaneously. The two
groups in a bank are moved sequentially
so that they are always within one step of
each other. For example, at 6 steps per
minute, the first group begins a step at
time zero and completes it in 780 milli-
seconds. The second group starts its step
at 5 seconds after time zero, also complet-
ing it in 780 milliseconds. At the maxi-
muin stepping rate of 72 steps per minute,
the second group starts its step before the
first group completes its step.

The control banks are overlapped to
obtain a more uniform reactivity change
per step. As shown in Fig. 8, the rods of
control bank A are withdrawn until step
817 is reached. From step S7 to step S2, the
rods of bank B move in synchronism with
those of bank A. After step S2, the rods of
bank B move alone until step $3, at which
point they move in synchronism with
those of bank C. Similarly, banks C and
D overlap from step $5 to step S6. The
overlap set points, S/ through $6, are

6—Slave cycler sequences.

7—Slave cycler and current reference
generators.

8—(Right) Control bank movement.

preset by six digital thumbwheel switches
located in the logic cabinet.

Overall System

The overall rod-control system for the
Ginna plant is shown in Fig. 9. The mode
of system operation is controlled by the
bank selector switch, which may sclect the
shutdown bank or any control bank for
manual operation as controlled by the in-
out lever at a selected stepping rate be-
tween 6 and 72 steps per minute. When
the selector switch is placed in the auto-
matic position, the reactor control system
determines the in-out rod direction and

Table 1. Bank and Group Organization
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stepping rate needed to achieve the de-
sired average temperature of the reactor
coolant. The master cycler selects which
group within the selected bank or banks is
to be moved and provides go pulses to the
appropriate slave cyclers. The slave cycler
upon receiving a go pulse initiates a single
insertion or withdrawal sequence, de-
pending upon the in-out direction signal.
The slave cycler generates current order
signals for the stationary-gripper, mov-
able-gripper, and lift-coil supplies in its
associated power cabinet.

The bank overlap unit automatically
selects which control bank is to be stepped

Number of
Bank Group Power Cabinet Mechanisms per Group

Shutdown Bank A 1 - 1A s o
Shutdown Bank A 2 2AC 4

Control Bank A 1 1AC 4

Control Bank A 2 2AC 4

Control Bank B 1 1BD 2

Control Bank B 2 2BD 2

Control Bank C 1 1AC 3

Control Bank C 2 2AC 2

Control Bank D 1 1BD 2

Control Bank D 2 2BD 2
Part-Length Rod Bank (separate control system) 4

Total Mechanisms N - - 33 -

Full Out

Rod Travel

Full In

Sl S2
Aand B
Overlap

S3

54 S5 S6

B and C
Overlap

Cand D
Overlap

Power Level
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and overlaps the banks in accordance
with a predetermined pattern. The bank
selection signal from the bank overlap
unit controls which bank a given power
supply cycles. Only one of the banks con-
nected to a given supply may be moved
at a time.

A failure in the power cabinet may re-
quirc the replacement of a fuse, circuit
card, or other component. A dc hold
supply is connected through three switches
in each power cabinet to energize any one
of the three groups of stationary gripper
coils. This avoids the possibility of drop-
ping a rod during maintenance. Lift coil
disconnect switches are also provided to
permit moving individual mechanisms to
achieve rod alignment.

Failure Detectors

A unique feature of the solid-state rod
drive systemn is its ability to automatically
detect and localize equipment failures.
The voltage corresponding to a maximum
current order is sensed in each currentreg-
ulating system. If the maximum current
order exists for longer than a specific
length of time, a condition which could
overheat the mechanism coil, an wurgent
alarm signal is actuated in the control
room and a light on the offending
power cabinet is energized to indicate
the source of the trouble.

A failure of onc of the phases of the
phase controlled thyristor regulators is
detected by a ripple detector which rec-
ognizes the excessive ac ripple caused by
this type of fault. This fault causes an
urgent alarm signal and the energizing of a
different light on the offending power
cabinet.

The failure of the current regulation
system is indicated by a demand for full-
positive or full-negative forcing for an ex-
cessive period of time. This failure causes
an urgent alarm and an appropriate indi-
cation at the offending power cabinet.

A logic error detector senses if the
stationary-gripper and movable-gripper
current orders are zero at the same time.
This condition would drop a rod as-
sembly, so it causes an wurgent alarm and
results in a holding current order being
supplied to all grippers, thereby prevent-
ing rod dropping. The disconnecting of
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any circuit board is detected and also
results in an urgent alarm.

Redundant dc power supplies are pro-
vided to ensure reliable operation of the
system. In case of a failure of onc of a re-
dundant pair of supplics, a non-urgent
alarm is given that indicates the need to
service the defective supply.

Conclusion

The solid-state rod control system pro-
vides regulated current to the rod mecha-
nisms, thercby enhancing mechanism life
and performance. Power dissipation in
the mechanisms and the equipment is
minimized because inductively stored
energy is returned to the ac power source.
System down-time is minimized through
conservative design and the use of auto-
matic failure detcetion to localize and
identify equipment failures, thereby fa-
cilitating rapid servicing.
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Technology in Progress

Mine Rescue and Survival System
Being Evaluated

Although underground coal mining has
the most stringent safety regulations of
any of the mining industries, it is still the
most hazardous. Ripping coal from a sub-
terranean workplace can churn up coal
dust and also release methane gas, both of
which form explosive mixtures with air.
Cave-ins and fire often follow an ex-
plosion, and both can also occur without
an explosion. For those reasons, a pro-
gram has been launched by the U.S.
Interior Department’s Bureau of Mines
to turn a conceptual study of coal-mine
rescue and survival systems into hard-
ware. The program is being carried out
and tested by the Special Systems Di-
vision, Westinghouse Defense and Space
Center.

The rescue and survival system has
three basic objectives: to enable miners
who have survived a disastrous explosion
to survive the equal dangers that im-
mediately follow, including carbon mon-
oxide poisoning, smoke inhalation, suf-
focation, roof falls, and additional ex-
plosions; to enable miners to receive and
send emergency communications re-
garding their locations, available escape
routes, nearby dangers, and rescue ad-
vice; and to provide an escape shaft if
operating shafts or tunnels cannot be
safely used. To meet those objectives, the
systemincludesimproved personal breath-
ing apparatus, survival shelters, rescue
communicating and locating equipment,
and rescue drills. Rescue components
are designed to be transported quickly by
trucks or by cargo aircraft and helicopters.

Personal breathing apparatus is needed
because a fire or explosion may leave
insufficient breathable air. Present law
requires that each miner have an emer-
gency breathing device called a self-
rescuer. However, the self-rescuer only
filters out poisonous carbon monoxide: it
depends on oxygen remaining in the
mine atmosphere.

The breathing apparatus included in
the new rescue and survival system is like
closed-circuit scuba diving equipment: it
provides a supply of oxygen and also
filters out carbon dioxide after each

breath to enable its user to rebreathe
unused oxygen. Chlorate candles provide
the oxygen. The unit is about the size of a
cigar box when stowed in its carrying
case, and it weighs 7 pounds.

Two types of survival shelter have been
designed. One is a I5-man portable
shelter to provide a place of refuge near
the mine face as work advances. The
other is a large centrally located per-
manent chamber that could accommodate
50 men for two weeks.

The portable shelter’s arched walls are
made of ribbed steel. The permanent
shelter would be a 75-foot tunnel in rock
with reinforced-concrete blast walls at
each end; an 8-inch pipeline to the sur-
face would provide a channel for fresh
air, communications, and additional
supplies.

The emergency communications equip-
ment consists of two systems, one for
through-the-earth radio transmission of
voice or beacon messages and the other
enabling rescuers to detect seismic vi-
brations made by a trapped miner
thumping with a pick, sledge, or timber.

Ordinary radio waves cannot travel
through earth, but very low frequency
waves can, so they are used in the radio
system. Each miner would have a mini-
ature receiver attached to his headlamp
battery case. In an emergency, the miner
would turn on the receiver and listen for
instructions. When he reached one of the
shelters, he would find there a more
powerful receiver and a pushbutton
beacon transmitter.

The transmitter sends signals rather
than voice to conserve its two-week bat-
tery power supply. It has six buttons for
sending signals meaning “yes,” ‘“no,”
‘“‘unknown,” ‘“repeat,” ‘‘good,” and
“bad,” and it also has a key to answer
questions by number of pulsed responses.

The seismic communications system
employs a number of geophones on the
surface to pick up the tiny earth tremors
made by a signaling miner. The informa-
tion is fed into a small computer that
locates the signal’s place of origin.

Two drills have been designed and
built for rescuing miners when they can’t
come out through the mine shaft. (See
photograph on back cover.) One would
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Top—Portable shelter is part of the survival
cquipment. Its six modules would be stored
close to the working face of the mine and
assembled if necded. Supplies would be stored
under the floor.

Bottom—Radio receiver, attached to the side
of each miner’s headlamp battery case, has an
ear-plug speaker. Voice transmission from the
surface over very low frequency waves would
penetrate the earth to give the man emergency
instructions.

Right—Seismic communication system enables
miners to signal their locations. They thump
on the mine wall or ceiling, and geophones on
the surface pick up the vibrations.
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rapidly bore a hole 9 inches in diameter
to the trapped men to supply fresh air,
food, medical supplies, and wire com-
munications. Then the other would drill
a 28V5-inch hole for pulling the miners
out in a personnel capsule.

The smaller drill can bore as fast as
100 feet an hour; the larger operates up
to 17 feet an hour. Both were designed
and developed by Rowan Drilling Com-
pany, Houston, Texas.

Automatic Meter-Reading Tests
Employ Telephone Lines

In field tests of an automatic meter-
reading system, the Westinghouse Meter
Division has successfully read electric,
gas, and water meters of selected resi-
dences in Holmdel, New Jersey, from its
development laboratory in Raleigh, North
Carolina. Overall performance data
showed accuracy to be better than that of
manual reading. The cooperating com-
panies were Jersey Central Power and
Light Company, New Jersey Natural Gas
Company, New Jersey Bell Telephone
Company, and Monmouth Consolidated
Water Company.

System operation was controlled by a
decoder terminal in the laboratory. The
terminal initiated a reading by transmit-
ting the last four digits of the phone
number of a particular home to the
Holmdel central office, which had a data
communication terminal furnished by
American Telephone and Telegraph
Company. The central office also had a
special meter-reading access circuit that
sent a signal to a meter-reading data set
located at the residence without ringing
the customer’s phone. The data set, in
turn, signaled the Westinghouse multiple
encoder to transmit the three meter read-
ings plus the identification code for that
particular encoder. Data was returned
through the access circuit to the data
communication terminal, which then
transferred the readings to the decoder
for display. Allotted time for data trans-
mission was 2 seconds, after which the
meter-reading data set blocked trans-
mission from the encoder and restored
the phone line for normal service.
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Eighteen homes were equipped. Read-
ings were taken twice each working day
between 8 a.m. and 4 p.m., amounting to
3064 calls over the duration of the tests.
Since each call consisted of three meter
readings, there was a total of 9192 read-
ings. Only five percent of the calls could
not be completed at the time they were
made because of line access failures or
line busy signals.

Thermal Discharge Plumes Mapped
in Three Dimensions

Thermal measurements of electric utility
plants’ discharged plumes of heated con-
denser water, to sec if the plumes comply
with local regulations, are now being
made rapidly, accurately, and in three
dimensions. A plume is mapped by criss-
crossing the area of water in a power boat,
dragging two chains equipped at intervals
with thermistors. The thermistors trans-
mit water temperature information to the
boat, where the data is recorded on strip
charts; shore stations keep track of the
boat’s location as readings are made.
About four hours are needed to deter-
mine a plume’s width, length, depth, and
temperature distribution.

The most common alternate method of
mapping is infrared photography from
an airplane, in which warmer water
shows up lighter than the surrounding
cooler water. Such airborne photography
costs more and produces only a map of
the plume’s width, length, and surface
temperatures.

The new method is performed by the
Westinghouse Environmental Systems
Department, which also investigates
chemical, biological, and physical effects
of the discharge of heated water.

Mass Spectrograph Used with
Radioactive Samples

Radioactive materials are being analyzed
for the first time with a spark-source mass
spectrograph, a powerful tool for qualita-
tive and quantitative analysis. The instru-
ment was modified for use on radipactive
samples at the Mass and Emission Spec-

trographic Laboratory, WADCO Corpo-
ration, Richland, Washington. (WADCO
is a Westinghouse subsidiary responsible
for development and construction of the
Fast Flux Test Facility part of the U.S.
Atomic Energy Commission’s Liquid
Metal Fast Breeder Reactor Program.)
The spark-source mass spectrograph
combines features of more conventional
emission spectroscopy (which measures
the characteristic light emitted by each
chemical element when excited in an
electrical arc or spark) and mass spectro-
scopy (which sorts atoms according to
their mass). The sample to be analyzed is
used as an electrode that is sparked as in
emission spectroscopy. However, the ions
evolved from the spark (rather than the
light) are passed through the machine,
where they are deflected in a magnetic
field and collected on a photographic
plate. The heaviest ions are deflected
least, and ecach chemical element is

uniquely identified by the position of its
characteristic line on the plate. Con-
centrations are determined by the intensi-
ties of the lines. Measurements of impuri-
ties at the parts-per-million level are
routine, and some can be determined at
levels as low as one part in a billion.

Modification of the WADCO facility
for radioactive operation involved con-
struction of a glove box for safe contain-
ment of radioactive materials around the
sample port, modification of the controls
for operation with protective gloves, and
installation of a separate glove-box facil-
ity for preparing the electrodes under
controlled ultraclean conditions.

The first “hot” samples analyzed were
uranium-233. The instrument also will be
used to analyze plutonium fuel materials,
which will power the Fast Test Reactor
and must meet extremely rigorous purity
specifications.

Airborne Radar Modified for
“Look-Down” Ability

An Air Force AN/APQ-120 airborne
radar system has been modified to enable
it to “look down” to detect low-flying
aircraft. The objective of the program
is to develop and demonstrate ability
to detect and track low-flying targets
masked by ground clutter. A by-product
of the development is that the radar
system is also able to detect ground mov-
ing targets by use of pulse doppler
techniques. The test aircraft is an F4E
Phantom.

The look-down modification could be
made on any type of pulse radar system,
such as the more than 2000 radar systems
supplied for the F4 aircraft. It entails im-
provementsin the transmitter, the moving-
target indication and tracking circuitry,
and the clutter computing and tracking
circuitry.

The system is being tested by the Air
Force Armament Development and Test

Left—A sample is inserted into the spark-source
mass spectrograph modified for analysis of
radioactive materials.

Right—Radar system is shown extended from
the nose of an F4E airaraft on its slide rails.
The connected unit at the right contains the
“look-down” modification circuitry and test
instrumentation; it is carried in the aircraft’s
ammunition and instrumentation storage com-
partment for flight tests but, in a final design,
the modification could be incorporated into
the aircraft’s normal electronics space.




Center at Eglin Air Force Base. The
modification was done for the Air Force
Acronautical Systems Division by the
Westinghouse Aerospace and Electronic
Systems Division under a feasibility
demonstration contract.

Ship’s Speed Measured with
Acoustic Signals

A new acoustic system devised to mcasurc
and record a ship’s speed does so maore
accurately than do presently used logs,
and it maintains its accuracy even during
rapid manecuvering.

The system operates on the principle of
an acoustic low meter.* In such a meter,
acoustic signals in a fluid are slowed or
accelerated by motion of the fluid, de-
pending on the relative directions of fluid
flow and signals. In the simplest version,
two acoustic transducers in the fluid face
cach other across a known distance in a
known direction. Both simultancously
transmit, and then each switches to a re-
ceiving mode to pick up the signal trans-

*C. R. Hastings, “LE Flowmeter-A New Device for
Measuring Liquid Flow Rates,” Westinghouse ENGI-
NEER, Nov. 1968, pp. 183-6.

mitted by the other probe. The times for
transmission and reception are compared
for the two probes, and that information
is used by electronic circuitry to compute
the velocity of the fluid.

Called the Aculog (for “aceustic ship’s
log”), the new system scnses relative
movement between the water and the
ship’s hull and presents it as ship speed. It
has three acoustic transducers to enable it
to measure the speed of the ship’s sidewise
movement as well as headway and stern-
way. The transducers are on stainless stecl
probes mounted outside the hull.

An carly version of the Aculog has been
tested for the past two years to prove the
feasibility of the technique. The system
was developed by the Westinghouse
Ocean Research and Engincering Center.

Instrument Monitors Oxygen Content
of Flowing Sodium

An improved instrument for continuously
monitoring the oxygen content of flowing
sodium employs a solid-electrolyte electro-
chemical cell with a gas reference elec-
trode and a flowing liquid sodium elec-
trode. Voltage output of the cell provides
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a measure of the oxygen content of
the sodium being monitored.

Twa of the instruments were recently
supplied by the Westinghouse Nuclear
Instrumentation and Control Depart-
ment to the Advanced Reactors Division.
Since oxygen is the most important im-
purity in reactor coolant sodium, it is
desirable that its concentration be moni-
tored accurately by an on-line instru-
ment. The new meter is sensitive to oxygen
concentrations below 0.1 part per million
and it responds in less than a second.

The liquid-metal oxygen meter incor-
porates an improved yttria-doped thoria
tube as a solid electrode capable of con-
ducting oxygen ions. A gas (air) reference
electrode inside the tube is coupled to the
clectrolyte by means of a porous platinum
coating. In both stability and insensitivity
to temperature changes, use of a gas
electrode is a major improvement over
the metal/metal-oxide references used
previously in oxygen monitoring systems.
The mcter can operate continuously for
long periods of time in liquid-sodium
loops at power-plant temperatures (about
900 degrees F).

At the Advanced Reactors Division,
two carbon equilibrium loops and a loop
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for fission-product studies contain the
sodium for which oxygen monitoring is
needed during long-term tests under
sodium flow conditions. Additional oxy-
gen meters are on order for installation
in facilities related to development of
liquid-metal fast breeder reactors.

Products for Industry

Arc welder for tungsten-inert-gas (T1G)
welding has a solid-state control with
built-in thermal compensation that elim-
inates time-consuming current adjust-
ments during warm-up. The TWS-300 is
an ac/dc saturable-reactor welder rated
at 300 amperes. It can be adjusted for
welding aluminum, magnesium, tita-
nium, brass, copper, mild and stainless
steels, alloy steels, and other metals, in
sheets or thin, medium, or heavy plate.
Though designed for TIG welding, it also
performs well on most other welding
processes. The control includes a therm-
istor that compensates for the effect of
temperature changes on output current
during warm-up. Voltage compensation
reduces the effect of line voltage vari-
ations. Westinghouse Welding Department,
Box 300, Sykesville, Maryland 21784.

Microwave signal tester provides extreme
accuracy and resolution over a wide range
of power levels. Called the Wave Analyzer
for Noise and Deviation (WAND), the
tester is built for evaluation of total per-
formance of ground or airborne, com-
mercial or military, microwave transmis-
sion systems in the frequency range of 9 to
10 gigahertz. It is connected to the final
radio-frequency transmitter output of a
microwave system to measure FM noise,
index of modulation, and frequency
deviation by means of a heterodyne re-
ceiver that translates the spectrum under
test to an intermediate frequency, which
is compared against a reference phase-
locked i-f source. Westinghouse Electronic
Systems Support Division, Box 153, Baltimore,
Maryland 21203

Vertical pump motor is a Life-Line D
large ac motor designed specifically for
pump applications. The line includes

Arc Welder

[T

Vertical Pump Motor

Westinghouse frame sizes 5000, 5800,
and 6800 (the three sizes immediately
above NEMA frame sizes), with horse-
power ratings from 300 to 2000. Thrust
bearings available are angular-contact,
spherical rolling, or tilting-pad Kingsbury
type. Motor life is enhanced by use of an
insulation system based on Thermalastic
epoxy. The motor is available in solid- or
hollow-shaft design in enclosures of
weather protected Type I with or with-
out air intake filters, weather protected
Type 11, and totally enclosed fan-cooled
types. Westinghouse Large AC and DC
Motor Duvision, 4454 Genesee Street, Box
225, Buffalo, New York 14240.

Dry-type transformers (Type ASL-R) are
25 percent lower in weight and smaller in
base dimensions than previous ventilated
dry-type units, reducing first cost, instal-
lation cost, and floor-space requirement.
They can be handled with a forklift or
crane. The transformers are available in
ratings of 750 kVA and below, with high-
voltage ratings 8.7 through 15 kV and
low-voltage ratings 600 volts and below.
Doryl varnish is used on the windings.
Physical arrangements accommodate all
standard types of transformer installation.
Westinghouse Power Transformer Division,
469 Sharpsville Avenue, Sharon, Pennsylvania
16146.

Hollow-cathode line source improves abil-
ity to detect mercury by atomic ab-
sorption spectroscopy. Designated WL-
22847A, the new source provides superior
operating stability with low noise, making
it possible to establish the presence of
mercury down to the level of 10™!° gram
with standard spectroscopy equipment.
Applications include use in analytical
laboratories where material compositions
must be routinely determined and in pol-
lution investigation and control labora-
tories. The device has extensive shielding
to cut leakage, optimized gas pressure,
and improved interior structure to dis-
courage arcing to mercury condensed
lower down in the cooler portions of the
tube. It is warranted for 5 ampere-hours
of operation. Westinghouse Electronic Tube
Division, P.O. Box 284, Elmira, New
York 14902.
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