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The year 1986 will, I hope, bring reevaluation of the
objectives and purpose of the FVEAA. The organization was
founded after the o0il embargo days of 1973 when memmories of
gasoline lines generated much enthuasism for electric cars.
Todays's conditions are vastly different. The public has

adjusted to the new level of petrol prices and availability is no
longer a problem. Mileage today is about three times what it was
a decade ago. The remaining members of the FVEAA are those who
are genuinely interested in electric vehicle technology.

we review the
organization
will discuss
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I propose that over the next few meetings,
state of technology and determine what direction the
wishes to take in the future. As the first step, we
the possible place that "Smart Power Chips" may have
applications. The attached article will get you
thinking on the subject.

Sincerely
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WE STILL HAYE A LOT OF “COUPOM BOOKS' AT $5.00 EA.  THE EOOKS ARE
AYAILABLE THROUGH DAMA MOCK, THEY MEED WOT BE FAID FOR IH ALVAMHCE.
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ALE0 FOR £5.00 EA. WE HAYE A BUMCH OF & YOLT STANDART AUTOMOTIVE
ERTTERIES TO SELL. THEY ARE IRY CHARGED S0 YOU WILL HAYE TO ADD YOUR
QWM ACTID, T WILL BRIMG A GOOD MUMEER OF THEM T THE MEETIMG AHD THEY
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STEZL LAMINATED CHOKE CORE SOLID BRASS BATTERY CONNECTORS
cin be wousd with 10 turns of § 00 seldes oa type [its # OC & 00O
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: RAAREAN - possession of a universal type tow bar,
ELCAR = 3?‘\ Seems to be the type which can be

Chassis with fiberglass body - ~- /00>
10 Trojan batteries ,
less than 800 miles on them ---’lﬂlaf
Lester bartr, chgr, 48v & 12v o~-l°°.:'
Lambert transistor controller --~ 400>
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Don Kubick 437 - 04533
249 Arlingtoa Heights Rd,
Elk Grove Village, {11, 60007
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Contact Dana - 759-8033
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SMART POWER

- Chips that combine

electronic intelligence

with electrical brawn

can make equipment
smaller and more efficient

by Herb Brody

HIGH TECHNOLOGY/DEC 1985

new class of electronic chips is

coming on the scene to bridge

the gap between the disparate
worlds of electrical power and electron-
ics. These “smart power” devices, on
which low-voltage signals control high
voltages and currents, could reduce the
size and cost, and increase the reliabil-
ity, of any system where electrical
equipment is put under computer com-
mand. Automobiles and automated fac-
tories could shed much of their trouble-
prone wiring, computers and other
electronic equipment could be made
more compact, and consumer appli-
ances such as refrigerators and air con-
ditioners could become more efficient.
So far, however, smart power has re-
mained more a buzzword than a com-
mercial reality.

The lure of smart power has hooked
companies ranging from start-ups to
established semiconductor manufac-
turers like Motorola and Texas Instru-
ments. General Electric has mounted a
massive effort in the technology, which
the company expects will constitute a
$1 billion market in the mid-"90s (up
from about $50 million in 1984). “This is
a revolutionary way to apply power,”
says J. Larry Smart, general manager
of GE’s power electronics semiconduc-
tor department (Syracuse, N.Y.).
“These devices let you leverage more
features into a product at less cost.”
GE’s development of smart power de-
vices was its second largest R&D pro-
gram last year, according to Smart,
topped only by a project to develop a
new jet engine. “Smart power is to pow-
er electronics what the microprocessor
was to signal electronics,” he says.

Such analogies come up often in dis-
cussions of smart power. Microproces-
sors, as well as simpler chips, “do noth-
ing that could not have previously been
done with big piles of transistors,” says
Michael S. Adler, director of the power
electronics laboratory at GE R&D labs

(Schenectady, N.Y.). Similarly, “you’re
not doing anything with smart power
that you can’t do with lots of discrete
components.” The difference, he says, is
that “now certain applications will be-
come cost-effective, size-effective, and
weight-effective” because a handful of
smart power chips can replace hun-
dreds of separate components—several
printed circuit boards full.

The principal advantages of integra-
tion are the potential for lower cost
because of the smaller amount of sili-
con, and higher reliability due to the
smaller number of parts and connec-
tions. Such advantages remain largely
theoretical, however; smart power
chips are now being made only in small
quantities and are often several times
as expensive as an equivalent circuit of
discrete components.

Advances in several semiconductor
technologies underlie the development
of smart power. Of key importance was
the advent in the late '70s and early ’80s
of a type of transistor that could control
large electrical currents while drawing
very little current itself. Consisting of
three layers—metal, oxide, and semi-
conductor—these “MOS-gated” transis-
tors are switched on and off with the
application of a low voltage; they are
therefore amenable to integration with
electronic signal circuits, which typical-
ly produce a small voltage and very
little current. Until MOS technology
emerged, the bipolar transistors used to
control high currents required a sub-
stantial current input.

A crucial requirement for smart pow-
er is the ability to put low-voltage and
high-voltage components on the same
silicon chip. Microprocessors and other
“intelligent” electronic devices operate
with low voltages, typically 5 voits. But
electrical equipment like motors and
lights usually run off the 110- or 220-V
ac power line. In addition, there are a
growing number of electronic systems

that demand several hundred volts; ex-
amples include electroluminescent flat
panel displays and nonimpact printers.
The most compact way to apply smart
control to these loads is to put low-
voltage elements like logic gates on the
same chip as the switches that govern :
transmission of the higher voltages.

nless special measures are taken,

however, the high voltage cours-
ing through the “power” part of the
chip will interfere with the delicate low-
voltage operations on the “smart” side.
The most common techniques for keep-
ing high and low voltages in their place
are junction isolation and dielectric iso-
lation. In junction isolation, p- and n-
type semiconductors are juxtaposed on
the chip at strategic points; as long as it
receives a high enough bias voltage, the
p-n junction conducts current in only
onedirection and so acts as an electrical
barrier. GE now markets a junction-
isolated IC that can take a 5-volt signal
input from, say, a microprocessor and
use it to control an output of up to 500
volts.

Dielectric isolation requires a silicon
wafer on which a thin layer of silicon
dioxide has been grown. Crystalline sili-
con is deposited in *tubs” on top of the -
oxide; circuit elements are kept at an
electrical distance from each other by
the surrounding area of nonconducting,

* or dielectric, oxide. Although dielectric

isolation is somewhat more effective
than junction isolation, the oxide-coat-
ed wafers are expensive, and the de-
vices require nonstandard fabrication
steps that limit the utility of this

* technique.

The need to carry high currents, as

. well as high voltage, is one of the big-

gest challenges for smart power tech-
nology. Ordinarily, increases in current
must be accompanied by increases in
chip area. A way around this is to ar-
range the device so that the current
flows “vertically”—that is, entering
the top of the chip and exiting through
the bottom; vertical flow allows a much
smaller chip area for a given current
than does lateral flow, in which charge
moves sideways within a single layer of
silicon.

ateral flow, however, is standard

for logic and control ICs such as
those based on CMOS (complementary
metal oxide semiconductor—a technol-
ogy that yields fast, very low-power de-
vices). Integration of CMOS logic with
vertical MOS power on one chip is diffi-
cult, and usually the power transistor is
removed to a separate piece of silicon.
The result is a hybrid that, while no
longer matching the strict definition of
smart power as one-chip integration of
power and control, still reduces to two
chips what might otherwise take
dozens.




One product that became feasible
only with the advent of smart power is
the electroluminescent (EL) flat panel
display (see “Electroluminescence,”
p. 42). An EL panel needs several hun-
dred volts to light up. This voltage is
supplied by a grid of electrodes in re-
sponse to the much lower voltages gen-
erated by a keyboard or a computer
memory. A horizontal electrode carries
about 200 V to an entire row at a time;
then column electrodes are pulsed with
asmaller voltage (40-90 V) to produce a
glow at the intersection. Before the ad-
vent of high-voltage ICs, this task re-
quired a 19-inch rack containing over
700 discrete components, says Christo-
pher N. King, executive vice-president
of Planar Systems (Beaverton, Ore.),
the major U.S. maker of EL displays.
“This is hardly appropriate when your
whole pitch is thin-ness,” he says.

Now, a single printed circuit board
can hold all the smart power chips
needed to operate an EL display. “The
market for smart power display drivers
will explode—as soon as we get our
costs down,” says William Numann,
marketing manager for power integrat-
ed circuits at Siliconix (Santa Clara,
Cal.). Siliconix is not alone in bidding
for the display driver market; competi-
tors include Texas Instruments (Dallas)
and Supertex (Sunnyvale, Cal.). In addi-
tion to EL panels, which most analysts
expect will gain rapidly on liquid crys-
tal displays in the coming decade,
smart power will be needed for plasma
displays and perhaps for smectic
LCDs-—a new high-contrast display
technology that requires higher volt-
ages than those now common for to-
day’s twisted-nematic LCDs. .

elling a new chip technology within

the electronics industry is one thing;
convincing engineers in other, more
conservative industries may prove a
more difficult task. But it is there—
where electronic signals must direct
electrical might-—that smart power has
its greatest potential,

Every time some bright auto engi-
neer adds another automatic electric
feature to a car, a new wire must be
added connecting the load (say, a motor
or light) to a switch on the dashboard or
the door, and to the battery. As a resuit,
“the wiring harness is getting to be
wrist thick,” says Jim Siegel, market-
ing manager at Ford Motor’s electrical
and electronics divisi~n (Dearborn,
Mich.). “It’s hard to bend and therefore
hard to install. And its size and weight
are especially troublesome as we go to
downsizing and aim for aerodynamic
design.”

With smart power, not only could the
wiring harness be made much smaller,
lighter, and more flexible, but inherent-
ly unreliable electromechanical relays
would be replaced by solid-state de-
vices. There is consensus in Detroit that
this new approach to wiring will come,

probably sometime in the 1990s, even
though no cars now in production use it.

In the proposed scheme, the act of
flipping a switch would not directly
close a circuit; instead, it would send a
digital signal through a thin communi-
cations wire loop that hooked up to a
smart power device at each load. The
signal would be encoded with a message
such as “headlights, turn on.” Control
circuitry on a smart power chip at the
headlights would decode the signal; this
circuitry would trigger an on-chip tran-
sistor to begin passing current from an
incoming power cable to the lamp fila-
ment. The chips at other loads would
recognize the signals as not being for
them and would not switch.

In principle, this approach would re-
quire only two wires to serve the entire

_ car: the thin, low-voltage signal wire

and a single power cable. If fully imple-
mented, such a “multiplexed” wiring
system would take about 25 pounds of
copper out of a car. Smart power multi-
plexing will first appear in Ford cars in
about two years, says Leonard J. Gros-
zek, technical planning manager for
the automaker’s electrical and elec-
tronics division; a fully multiplexed car
will probably arrive in five or ten years.
GM seems to be following a roughly
similar timetable. “I would expect a
significant increase in multiplexing in
the 1989 model year,” says Edward G.
Whitaker, an engineering manager at
GM'’s Delco Electronics division (Koko-
mo, Ind.). “There are 52 wires leading
into the door of a Cadillac,” he says.
“We want to reduce that to three: con-
trol, power, and ground.”

Besides reducing an electrical sys-
tem’s bulk, smart power could add diag-
nostic capabilities. After receiving a
signal to turn on, the chip could put a
message on the signal wire confirming
that it had done so, permitting a dash-
board status display of all the car's
lights, electric windows, and so on.
Since the smart power device could eas-
ily sense whether current was actually
flowing to the load, it would detect and
report a burned-out lamp (or a stuck
power window) via the signal wire.
Such functions are certainly possible
with discrete components, but “an inte-
grated smart power chip could do what
now takes 10 discrete components,”
says Whitaker. He estimates that fu-
ture GM cars will use 20-30 smart pow-
er devices each.

Obstacles remain, however. The big-
gest one is that smart power devices are
not yet available on the cheap and plen-
tiful basis that automakers are comfort-
able with. “It’s a potentially huge mar-
ket, with perhaps hundreds of devices
per car,” says Groszek. “We need large
quantities of 50¢ devices, versus the
present limited quantities at several
dollars apiece. The semiconductor in-
dustry has talked about making mil-
lions of these devices a week, but no-
body’s doing it yet. There’s still a lot of
work to b/e done.”

A similar multiplexed wiring idea
using smart power has turned up in a
factory communications system recent-
ly introduced by GE’s Automation Con-
trols Department (Charlottesville, Va.).
In many of today’s automated factorie-
cables radiate octopus-style from a cc
tral computer to the various machine
tools, robots, and material-handling
conveyors under its command. With
GE's system, a single power cable and a
single signal wire run to each comput-
er-controlled machine. There, a medule
containing a smart power chip receives
instructions from the computer to turn
on ar. off or to change speed. The chip
decodes the instruction and feeds the
appropriate drive voltage into a power
transistor that controls the electrical
power to the machine.

As in a multiplexed car, these smart
power switches provide a handy way to
monitor whether a machine is function-
ing properly. The chips continuously
sense current and voltage and transmit
the readings to the computer; too much
current or voltage indicates a short cir-
cuit or some other system fault and
prompts the computer to issue a com-
mand to shut down that piece of equip-
ment—rather than blowing a fuse or
circuit breaker that would interrupt
several machines. GE claims the system
should decrease downtime by 50%.

In cars and factories—as well as in
many consumer products—the load
that is being controlled is often an el
tric motor. Indeed, an estimate.
60--70% of the electricity generated in
the U.S. is consumed by motors. Much
of that power is wasted. Often the ineffi-
ciency stems from the inability to vary
the speed of the motor. A smart power
motor controller permits precise, con-
tinuous speed variation and hence
could provide vast energy savings.

ithout smart power, there are
two main ways of getting vari-
able output from a motor. One is to use
a direct-current (dc) motor, which lends
itself readily to variable speed. But d¢
motors are expensive and unreliable;
the carbon brushes they require to in-
duce a magnetic field in the rotating
element (rotor) are easily damaged. The
other approach is to take the fixed-
speed output of an alternating-current
(ac) motor and adjust it externally, as
with gears or (for an air blower) baffles.
However, while ac motors are relative-
ly cheap, these additional components
reduce efficiency and reliability and -
add cost, and in any case do not provide
precise and continuous control. A new
class of motors under development
could use smart power to attain vars
able speed without the need for a
motor’s troublesome brushes or an ac
motor’s inefficient add-ons. :
These “electronically commutated
motors” (ECMs) work by switching pow-
er on and off to the motor windings to
create a series of pulses whose timing
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A motor controller containing a smart power chip could convert constant-frequency ac to dc, interpret sensor input,
and decide how fast the motor should run. It could then switch the dc power on and off to achieve that speed.

and duration govern the motor’s speed.
(A motor working directly off ac power
will spin at a rate that is some multiple
of the fixed 60-hertz line frequency.)
With smart power, the action of these
power switches—and hence the motor’s
speed—can be tied to some externally
sensed variable, such as temperature.
“It’s now possible for motor speed to be
varied as a function of something,” says
William J. Ehner, general manager of
the technology department at GE’s mo-

tor business group (Fort Wayne, Ind.).

Smart motors could revolutionize the
way appliances work. In today’s air
conditioners, for example, the compres-
sor is cycled on and off repeatedly in
order to maintain a desired degree of
coolness. This stop/start action wears
out the motor. A smart motor could run
constantly, speeding up and slowing
down in accordance with the continu-
ous feedback it received from an elec-
tronic temperature monitor. Avoidance
of frequent starts and stops, says Ehner,
also reduces the size of the motor need-
ed for a given horsepower output; mo-
tors are designed to be large enough to
handle the surge current they draw
upon starting, which is several times
larger than the current drawn any oth-
er time. There are other possible uses,
too. Washing machines, for example,
could do without the expensive and
trouble-prone mechanical transmission
now used to translate a fixed-speed mo-
tor rotation into the variety of motions
needed to agitate and spin the clothes.

So-called traveling appliances, such
as electric hand drills and kitchen beat-
ers, could also become more effective
with an electronically commutated mo-
tor. Such machines now attain variable
speed without electronic commutation
by converting ac input to dc. In so doing,
however, they waste a lot of power and
generate radio-frequency noise that can
interfere with electronic equipment in
the vicinity.

Not only would an ECM increase effi-
ciency and reduce interference, but it
could make the appliances more re-

sponsive as well. An electric dril], for
example, could automatically speed up
to overcome the resistance of harder
wood or metal, as could a kitchen beater
when batter started to thicken. Such a
capability would require sensing the
position of the spinning rotor relative to

the rotating electromagnetic field of
the stationary coil. The rotor slips be-
hind the field as the motor works
against a tougher load; an electronic
sensor could respond to this slippage by
signaling the smart power devices to
increase speed or to pass more current.
Although smart power is not a tech-
nical necessity for making an ECM, the
large number of components otherwise
needed may make it an economic neces-

SILICONIX

Logic signals processed on the low-volt-
age left side of the chip control an array

of high-voltage transistors to operate a

flat panel display.

sity. “Until there are large quantities of

smart power chips available, there .

won’t be much electronics in motors,”
says Thomas Selis, engineering manag-
er of Westinghouse’s small motor divi-
sion (Lima, OChio). GE’s Ehner agrees,
but adds an optimistic note. “We’re now
within striking distance of high-volume
consumer applications” of smart vari-
able-speed motors, he says. Ehner pre-
dicts commercial introduction of such
motors with fractional-horsepower out-
puts during the next year. Motors of
that size are commonly found in such
appliances as refrigerators, air condi-
tioners, and heat pumps.

But if U.S. appliance makers have
plans for smart power products, they
aren’t talking about them. “They won’t
even tell us what they're doing,” says
Robert Edwards, a consultant with the
National Association of Homebuilders’
Smart House project (HIGH TECHNOL-
OGY, May 1985, p. 60); the Smart House
is a proposal for integrated home con-
trol that would rely heavily on the in-
troduction of smart appliances. Ed-
wards says the silence stems from
manufacturers’ nervousness about
competition from Japan, where compa-
nies such as Hitachi and Toshiba are
reported to be working on similar
technology.

Motor manufacturers have in gen-
eral remained aloof to the attrac-
tion of smart power—Ilargely because
the products now available don’t mea-
sure up to the demands of the job.
“What we want is a $10 chip containing
six power output devices that can han-
dle 10 amps and 400 volts,” says Mau-
rice James, director of advanced tech-
nology at Emerson’s motor division (St.
Louis). “That’s a long way off.”

The few electronically commutated
motors now available—such as the one
GE makes for its variable-speed ceiling
fan—still use discrete components
rather than integrated smart power




chips. But “there will not be any cost
breakthroughs with discretes,” says
GE’s Ehner. “You have to integrate.”
The ability to adjust a large current
output with a small signal input would
not be limited to motors. Another possi-
bility involves using induction heaters
to provide hot water at the tap on de-
mand—avoiding the waste caused by
storing hot water in a tank until it is
called for. An induction unit produces
heat in proportion to the frequency of
the ac input. A temperature sensor at
the faucet could send readings to the
smart power chip at the heater; the chip
could adjust the frequency in order to
maintain the-desired temperature,
much as a smart motor controller ad-
justs frequency to vary speed. This feed-
back loop would be impractical without
electronics that could control the induc-
tion heater’s frequency according to a
continuous low-voltage input signal.
Fluorescent lights are another large

potential market for smart power, espe- .

cially since more and more office build-
ings are installing computer-based en-
ergy management systems (EMS).
Signals from the EMS based on time of
day or on the amount of available sun-
light could be fed directly to the lamp’s
ballast (the device that controls current
flowing into the tube). A smart power
chip at the ballast could act on-that
signal to control the light output.

Even without being connected to an
EMS, a smart power lamp ballast could
save energy. The key is its ability to
convert the 60 Hz from the power line
into a much higher frequency, typically
12 kilohertz. The high frequency makes
the lamps about 10% more efficient;
the light-emitting ions in the tube don’t
have time to revert to a non-glowing
state before being zapped by another
peak of current.

The advantage of higher frequency
has been known for some time, and
electronic ballasts are already available
to peform this conversion, using many
discrete components. But the introduc-
tion of smart power chips into ballasts
promises a new dimension in lighting
control. By cramming control and pow-
er-handling functions on the same chip,
an electronic ballast could be made
cheaply enough to make a dent in what
has become a commodity market.

“In 10 years, all fluorescent lights
will have smart power ballasts,” says
Peter Shackle, engineering vice-presi-
dent at Telmos (Sunnyvale, Cal.). The
obstacle is not so much in the technolo-
gy, he says, as in the marketing. Ballast
. making is an old industry, and “with a
chip you’re breaking the rules.” For
example, Advance Transformer (Chica-
go), one of the major ballast makers,
just introduced its first electrenic
unit—but it uses discrete components.
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“We are investigating smart power
technology,” says Alan Fisher, vice-
president for marketing and strategic
planning at the company, which is a
subsidiary of North American Philips.
And Robert Burke, engineering manag-
er at Litton’s Triad-Utrad division
(Huntington, Ind.), another ballast
maker, predicts it will be at least 1-3
years before smart power ballasts hit
the market, and even then they will be
in specialty applications.

Makers of low tech electrical equip-
ment such as lights may hesitate before
adopting something as exotic as smart
power, but quicker acceptance will
probably be found in the computer and
peripherals industry. One or two chips,
for example, might replace a board’s
worth of components now needed to
regulate the electrical power flowing
into a computer’s logic circuits.

While smart power would allow some
reduction in size and weight, its more
important potential benefit is improved
reliability. Power supplies are the sin-
gle most failure-prone part of many
electronic products, including personal

“The power supply
on a chip is now ,
commercially feasible.”

computers; reducing the number of
components should cut the failure rate.
For now, a separate transformer would
still be needed to step down the 110
volts from the wall into the 5-V levels
used by microprocessors and other logic
components. .

Eventually, however, a small trans-
former might be combined with the
high-voltage IC in a single package, says
Thomas Daly, product manager at GE’s
power electronics department. Al-
though such a hybrid configuration is
now considered prohibitively expensive
because it requires hand assembly,
Daly predicts that cost will drop “phe-
nomenally” with automated produc-
tion techniques now being developed.
Adds general manager Smart: “The
power supply on a chip is now commer-
cially feasible.” . -

Smart power should be applied more
widely outside the computer and elec-
tronics industries as the devices become
able to handle larger amounts of power.
The challenge is to develop chip pack-
ages that remove the heat from the
silicon before damage ensues. One
method is to connect the package to a
large piece of metal, which serves as a
heat sink. If no such heat sink is avail-
able in the system itself—as in a com-

puter with a plastic chassis—it may be
necessary to attach a metal fin to the

rear of the package to conduct heat out

to the air.

Most smart power devices are still
made on a custom basis, but standard

products are starting to appear. For
example, high-voltage, low-current
chips for driving flat panels are avail-
able from Texas Instruments, Siliconix,
and Supertex. The latter recently li-
censed its technology to Mostek (Car-
rollton, Tex.), an established semicon-
ductor manufacturer whose capacity
for high-volume production should
push prices down. Telmos expects to
come out this month with a standard
line of chips combining CMOS logic and
500-volt output. Motorola (Phoenix) of-
fers devices that function exclusively as
circuit protectors; the chip shuts off
power if voltage or temperature ex-
ceeds a preset value. Motorola is known
to be interested in supplying smart
power chips for future multiplexed
cars, too. The company plans to intro-
duce a chip for this application next
month. Controlled by low-voltage logic
input signals, the device will switch up
to 16 amps of current. So far only a few
samples have been delivered, but vol-
ume production should begin around
mid-year, according to product plan-
ning manager Jack Takesuye.

Competition should heat up with
GE’s recent decision to begin marketing
smart power ICs. The company’s semi-
conductor department has already
been making high-voltage ICs and pow-
er MOS transistors, but until now has
sold them primarily to other GE opera-
tions; the motor division, for example,
uses the components in its variable-
speed ceiling fan. Now the company is
looking to sell smart power chips to the
outside world.

GE is aiming squarely at high-volume
markets. It recently built a semiconduc-
tor fabrication plant in Raleigh, N.C,
and refurbished one in Syracuse specifi-
cally to make smart power devices; the
two plants have a combined annual
capacity of $250 million worth of chips,
according to Smart.

This outpouring of smart power chips
will be targeted first to makers of auto-
mobiles and electric motors. The com-
pany is betting that if smart power
becomes prevalent in these ubiquitous
machines, the huge volume demanded
will drive prires down to where the
devices will be suitable for applications
now considered marginal—and for oth-
ers not yet imagined. [J

Herb Brody is a senior editor of HIGH
TECHNOLOGY.

For further information see
RESOURCES, p. 69.
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SEVERAL WEEKS AGO SEMATOR WARREM MAGMUSON STIRRED UP
COMSIDERABLE INTEREST BY COMING OUT STROMGLY FOR THE RETURM
OF ELECTRIC CARS. MAGNUSON COMES FROM ELECTRIC-POWERRICH
WASHIMGTON STATE.

SUBSECUENTLY, FORD MOTOR  COMPAMY 3  ALERT  PUBLIC
RELATIOWS DEFPARTMEMT HELD A PRESS COMFEREMCE TO FEPORT OM
ITS FLAMS TO BUILD A COUPLE OF ELECTRIC CARS BY MEXT SPRIMNG
AWD TO EAHIBIT A MEW 30DIUM/SULPHUR BATTERY.

THIS HAS PROYOKED MAMY ERUDITE AUTOMOTIYE AFICIOMADOS
TO WOMDER, "MWHAT GIYES? IS IT A PHOMY OR  HOT?" THE BEBE3T
GUESS AT THIS STAGE IS5 THAT THE CARS C(WHICH WILL EBE FITTED
WITH COMYEWMTIOMAL LERD-ARCID BATTERIES) AREW'T SIGHIFICAMT,
BUT THE MEW BATTERIES MARY  WELL  REPRESEMT A  TREUE
EREAKTHROUGH BECRUSE 0OF  THEIR  GREATER  USEFUL  LIFE.

FORD OFFICIALS, SOME OF WHOM ARE THIMKIMG- ABOUT A
HOBEL FRIZE FOR THE IMYEMTORS, BELIEYE THE BATTERY MAY WELL
HAYE MORE AFPLICATIOMS OQUTSIDE THE RAUTOMOTIYE FIELD, WHERE
A LOMG-LIVED, STATIOMARY  POWER  SOURCE  COULD PROYE
WORTHWHILE.

AFTER ALL IS SAID AND DOME, A EBATTERY-POWERED FORD
FALCON WOULD STILL REQUIRE ABOUT 3500 1b., OF BATTERIES,
ABOUT 320 lb. 0OF ELECTRIC MOTORS AMD A SYSTEM OF COMTROLS.

THIS MWOULD ARDD UP TO A GOOD DERL OF COST, WEIGHT.
COMPLEXITY AND DRIYER TROUBLE. THE MAIW ADYANTAGE IS
ABSEMCE OF SMOG-PRODUCIMNG EMISSIONS.

HOWEYER, ADYAMCING TECHHMOLOGY OFFERS SOME FUTURE HOPE

=—%0R ELECTRIC CARS IM AT LEAST TWO LAYS. OHE IS THAT THE
TRAMSISTORS MOW AYAILABLE WOULD MAKE COMTROLLIMG SUCH A

YEHICLE MUCH MORE EFFICIEMT AMD SIMPLE. ALSO, ATOMIC
EMERGY MAY PRODUCE MUCH CHERPER ELECTRICITY IM THE FUTURE.
WHILE FORD HAS  BEEM  GETTIMG THE  ELECTRIC-CHR
PUBLICITY, GEMERAL MOTORS HAS BEEM WORKING RIGHT HALOMG AHD
HOW HA3 A BATTERY-ECQUIFPED CORYAIR OPERRATIMG. IT’S DRIVENW
BY A ZERIES OF SILYER~-CADMIUM BRTTERIES WORTH A REPORTED
$27,000. ZSUBSEQUENT TO FORD’S ELECTRIC-CAR  AMMOUMCEMEMT
GM-3 PRESIDENT, JAMES M. ROCHE, COMMEMTED, “WEIGHT, COST
AND EFFICIEHCY ALL HAYE BEEM PROBLEMS ASSOCIATED WITH
ELECTRIC FOMER. HOWEYER, POLLUTIOW HAS BEEN R PROBLEM
SZOCIATED WITH COMYEMTIOMWAL ENGIMES -- A FPROBLEM THAT
ELECTRIC CARS CAM SOLYE, "

FROM :  CAR LIFE MAGRZIME JAHURRY 1367 U .
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1976 CITICAR

48 VOLT SYSTEM

UNDER 5000 MILES

NEW BATTERIES - APRIL '84

VERY GOOD CONDITION
CALL 3. GREG - 469-2739
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ASTODONS of the inter-
M states might have lived for-
ever had it not been for
petroleum prices. As recently as
1978, gasoline sold for less per
gallon (in constant dollars) than
it had in 1960. Now prices tick
ever upward as reserves grow
shorter and supplies less secure.

Shownaboveon theleftisacar -

typical of those now on the
American road (average age, 6.4
years; average miles per gallon
whennew, 13.1). Ontherightisa

car with features designed to re-

duce, or even eliminate, petro-
leum use.

Yesterday’s dreamboat, to-
day’s gas guzzler, is overweight
(22 times heavier than a 150-
pound driver), overpowered,
oversize, and very, very thirsty.

In the late 1970s standard
American cars were downsized
by trimming weight and exterior
dimensions. Redesigns produced
smaller and lighter vehicles with
only halfthe cylinders of the once
~ dominant V-8 engine (1). Front-
"wheel drive eliminated the shaft
(2) from transmission to rear dif-
ferential and saved 300 pounds.
More weight in such areas as
bumpers, hood, and body panels
(3) may be lifted by substituting
plastics and aluminum for steel.

THE AUTO:
problem child with a promising future

Overdesigned chassis (4) may be
safely pared or replaced by inte-
grated frame-and-skin shells as
used in aircraft fuselages.
Although smaller cars are stin-
gier with petroleum, they are not
necessarily more efficient. Of the
energy released in combustion
only 12 to 15 percent is finally ap-

~ plied to move the car. Most of the

rest is lost due to the basic ther-
modynamic inefficiency of the
engine and escapes as heat. The
remainder is drained off by such
factors as aerodynamic drag,
rolling resistance of tires (5),
transmission slippage (6), inter-
nal friction (7), idling, and air
conditioning (8).

Justto pushairoutofitsway, a
car uses 50 percent of available
energy at 55 mph but 70 percent
at 70 mph. Large frontal areas
create air turbulence and drag
(3). Bodies derived from wind-
tunnel testing promote smooth
air flow around the vehicle (10).
Such details as mirrors, rain gut-
ters, trim, and wheel wells and
covers (11) can be improved aero-
dynamically. Fuel savings can be
as much as 10 percent.

At cruising speed, rolling re-
sistance of tires on the road con-
sumes half the available horse-
power. Radial tires can reduce

fuel consumption as much as 3
percent. Puncture-proof tires of
plastic (12) could save even more
and eliminate the cost and weight
of a spare tire and wheel.
 Automatic transmissions in-
flictamileage penalty ofabout 10
percent compared to manual
gearboxes. Continuously vari-
able transmissions promise even
better mileage, as does a stop-
start engine that shuts down ifa
car is idling or coasting, cutting
gas consumption by about 15 per-
cent. A touch on the accelerator
restarts the engine.

Better lubricants (13) and
bearings will reduce friction, and
microprocessors (14) will moni-
tor systems and command ad-
justments to keep them at peak
efficiency without-——even despite
-—actions by the driver.

As the price of petroleum for
gasoline and diesel engines con-

verges with that of alternate en- .
ergy sources, new power systems '

should become widely available,
probably beginning with battery-
powered electric motors (15).
Their advantages: quietness, low
pollution, and simplicity. Their
disadvantages: limited range be-
tween recharges (which are also
limited), weight, and bulk. New
battery systems now under test-

ing and development shoula give
better performance. Efficiency

may also be increased by using

flywheels (16) to equalize power

demands on batteries during ac-

celeration and hill climbing,

Electric motors may be paired
with small combustion engines in
hybrid systems (17)—electric
power for low speeds, combustion
for highway cruising.

Power systems that run on
compressed gases such as pro-
pane, methane, or hydrogen are
more problematical for the per-
sonal car. Range is limited, dis-
tribution systems are not in
place, and each station pump
could cost $30,000. It remcins
moot whether so-called synthetic
fuels (pages 74-94) could best be
used directly in engines or to gen-
erate electricity.

Other combustion engines
such as the gas turbine or exter-
nal combustion may become op-
tions in the 1990s. Aoy

Proper maintenance ofi&‘
can improve mileage 5 pe: ent.
And since combustion engines
operate best at about 40 mph,
traffic ideally should be speeded
up in cities and slowed down in
the country—the former difficult

though possible, the laiter un-

popular and impractical.

Tt




