

















The eternal airplane

{Continued from page 75

flicht a decade ago can do it today.
New motors, power-control electron-
ics. flight-control actuators. autopilots,
and lightweight, high-performance sili-
con solar arrays make the difference.
Now, when electrical losses and me-
chanical friction in the propulsion sys-
tem are considered, seven percent of the
. solar energy collected is converted into
' propulsive thrust powering the air-
plane, Colella says. The best system
that could be built in 1980 was only four
percent efficient. The new motors need
no gearboxes, and fixed-pitch propellers
replace the complex variable-pitch
props previously used, eliminating al-
most 100 parts from each motor pod.

lot of things happen to a solar-
electric airplane as it gradually
@ climbs from a runway in the
dense air near sea level to the cold,
thin air at very high altitudes. On
takeoff, Pathfinder’s props spin at
about 300 rpm to reach a lazy 15 mph.
As the craft ascends through the thin-
ning air, motor speed must increase to
maintain the propellers’ thrust, and
airspeed must increase to maintain
the wing’s lift.

At 70,000 feet, the motors need to
spin at 1,700 rpm to reach an airspeed
of about 90 mph. Cruising in the mid-
dle stratosohere requires about six
times the power and speed needed at
sea level. Fortunately, the solar cells in-
crease their output somewhat during
the climb, due to better cooling and es-
caping the atmospheric haze present at
lower altitudes.

Ascending through the powerful and
unpredictable winds of the jetstreams
will be the airplane’s most formidable
trial. Consequently, it's built o with-

stand five-g loads during flight. The ef- .

fects of strong gusts are munimized by
distributing the wind’s force through-
out the featherweight airframe.
Though Pathfinder lacks the fuel cell
snergy-storage system slated to appear
1n its successor, the Helios, the craft ac-
tually could fly for weeks on end—as
iong as it's in the vicinity of the North
or South Pole. If funding permits, the
airplane may be launched from Allen
Army Airfield near Fairbanks, Alaska,
during the summer months when con-
tinuous daylight above the Arctic circle
would provide 24-hour solar electricity.
New bi-facial solar cells to be installed
on the transparent wingskins will
make the most of the low sun angles
encountered in polar regions by captur-
ing some of the energy of the earth’s
albedo, or light reflected upward from
zhe clouds and atmosphere below.
Before departing on such an exotic
mission, Pathfinder must first pass
nigh-altitude flight trials. This spring,

the craft is siated to climb to 60,000 feet
or higher. Tzking off at seven a.m., the
solar flyer snould be able to reach 3
60,000-foot zititude by about 2 p.m.
Many miles rom the radio-control vap
that follows the plane at takeoff, the
drone needs o switch over to an autopi.
lot system that will control its flight.

The autopilot’s basic software wag
developed during last year’s series of
flichts up to a maxmum altitude of
about 200 feet. Ray Morgan sat in his
command chair atop the chase van,
calling off endless lists of flight-contyol
settings that pushed the Pathfinder o
the edges of its safe flight envelope—
and a little bevond.

During a right turn, for example, the
outboard-most propeller at the left
wingtip was run at a high-power set.
ting, while its counterpart at the right
wingtip slowed to a standstill. Stall
speeds and instabilities were noted,
and the best combinations of motor
speed and elevator positions deter-
mined. The results are encapsulated in
a software program that makes the
plane capable of autonomous flight us-
ing small computers, compact gyro-
scopes, and four-antenna global posi-
tioning satellite (GPS) equipment that
senses the craft’s pitch and yaw and
roll angles, as well as its location.

Pathfinder is funded by the Pen-
tagon's Ballisuc Missile Defense Orga-
nization (BMDO) under the code name
Raptor Talon, which symbolizes a bird
of prey with fearsome claws. The Talon
part of the program involves developing
a small. high-velocity rocket that could
be stored in pairs aboard Pathfinder
derivatives, giving them the ability to
attack hostile missiles in fligh’

BMDO wants to be able Lo destroy
high-explosive, chemical, or biological
clustered-submunitions in flight, before.
thev can separzie from a missile’s war-
head and inflict damage on the ground.
“I look at these Raptors as very visible
targets flying border patrol over the en-
emy, keeping him on his toes 24 hours
a dav,” says program manager Lt. Col.
Dale Tietz. “Were going to try to have
the Talon be so precise that it knows
what target it’s after, where the war-
head compartment is, where to hit
it—and from what angle—to really
wipe out the weapons.”

Experience gained from Pathfinder
and the proposed 200-foot-span Helios
could lead to the development of com-
mercially available solar-electric
drones. Program officials estimate they
would cost S2 million to 33 million
apiece. assurming a minimum produc-
tion run of 20 aircraft. Sometimes suP-
ply can create demand. Who knows
what unforeseen uses may be found for

eternal airplanes? Bs
P 100




