
AVIATION-PROGRESS IN SAFETY
By HARRY F. GUGGENHEIM

THE total number of automobile
registrations in this country is
about 24,000,000 The total num-

ber of airplanes licensed by the Depart-
ment of Commerce is a little less than
7,000. The enormous discrepancy be-
tween these two figures is an indication
of what lies ahead of aviation. The
lessening of that gap represents not
only the development of a vast manu-
facturing industry, but also a means
of transportation that will considerably
alter our habits of living.

Now there are certain aerodynamic
improvements which must be made
before flying is undertaken on so
universal a scale. The airplane to-
day is a safe machine for the expert;
but for the average man it requires
too much skill on the part of the pilot.
The regular air transportation services
handled by expert pilots have set a
very high standard for safety. The
accident in the British passenger ser-
vices this summer spoiled a record
of over three years during which some
89,000 passengers were carried 3,2000-
000 miles without a single accident
resulting in the injury or death of
any one of them. The accident took
place over the Channel in a plane
which did not have multi-engines and
which was a land plane flying over the
water. In other words, two cardinal
principles for safe flying were violated.

Similarly, there have been only two
accidents in the short history of regular
passenger services in the United States,
based upon the record for multi-engine
planes, covering a travel mileage of
over 3,000,000 miles. Under proper
conditions the airplane has demon-

strated itself to be safe in expert
hands. The accidents that have been
caused have usually been the result
either of amateur flying or of flying
of a stunt character. Unfortunately,
these accidents are sufficiently sensa-
tional to receive considerable attention
in the newspapers, and hence the
public view as to the safety of aviation
tends to be distorted.

Obviously, however, it is not suffi-
cient that the airplane should be safe
in the hands of the expert, if it is to
be a really helpful instrument of civi-
lization. To make the airplane a pub-
lic utility in the sense that its useful-
ness is open to the entire community,
it is necessary that we should develop
what might be called a fool-proof
plane. That was the purpose behind
the international Safe Aircraft Com-
petition now being conducted by the
Daniel Guggenheim Fund for the Pro-
motion of Aeronautics.

The Fund has believed from the
beginning that commercial aviation
will be successful when it can convince
the public, not by statistics, but by
actual demonstration, that airplanes
are inherently no more dangerous than
steamships or railroads. The tests
which are being conducted at Mitchel
Field, Long Island, provide the possi-
bility for this actual demonstration
in graphic form. We have received
25 entries in the Competition: 2i
from the United States, 3 from Great
Britain, and i from Italy. Each one
of these entries must first pass very
vigorous qualifying specifications and
then is submitted to an actual flight
test conducted by the Fund. The
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Competition offers prizes of 3150,000
for those aircraft which demonstrate
under special rules the greatest ad-
vance in aerodynamic safety without
loss of efficiency.

The Compretition looks forward to
an expansion of private fiying which
may eventually reach the extent of
private automobile traffic. Hence, it
seeks to develop a plane that can be
safely operated by an ordinary lay
pilot. We want, in short, a plane
that will be able to land more slowly,
take off more quickly and climb more
steeply, make both flatter and steeper
glides and which will remain under
control at all speeds and attitudes
even when the pilot, owing to weather
conditions, is unable to maintain an
even keel. The nine tests with which
the airplane must comply were
developed after long study by the
leading aeronautical experts. Because
they indicate very clearly what we are
looking for in the safe airplane, it may
be of interest to indicate them here-
with, avoiding technical description.

I—The aircraft must maintain level and
controlled flight at a speed not greater
than thirty-five miles an hour and must be
able to glide with all power switched oflF at
a speed not to exceed thirty-eight miles
an hour, the demonstration glide being
of at least three minutes' duration.

2—The aircraft must come to a complete
stop within 100 feet of the spot where it
first touches the ground in landing.

3—A steady glide must be made over an
obstruction thirty-five feet high and the
aircraft must come to a complete stop
within 300 feet of the base of the obstruc-
tion. This is to test the ship's ability
to make a forced landing in a small space
surrounded by wires, houses or trees.

4—The aircraft must take off after not
more than a 300-foot start along the ground
and must then clear a 35-foot high obstruc-
tion 500 feet from the starting point.

5—To test its ability to approach an
uncertain landing place in event of engine

failure, the aircraft, with all power switched
off, must glide at an angle of not more
than 8 degrees to the horizon; and must
also be able to glide at an angle of more than
16 degrees to the horizon at a speed not
greater than 45 miles an hour.

6—In normal flight, at a speed of 45 to
100 miles an hour, the pilot must take
both hands off the controls, leaving them
entirely free for at least five minutes to
demonstrate the ability of his craft to right
itself after disturbances from wind gusts or
from the application of controls.

7—The aircraft must show that if the
engine suddenly fails on a steep climb, no
abnormal attitude, such as a stall followed
by a nose dive, will result and that the craft
will descend on a steady easy glide without
intervention by the pilot. A frequent error
following engine failure is the pilot's tend-
ency to pull back on his controls instead
of nosing down the craft into a glide. The
aircraft must demonstrate that it is fool
proof against such an error, and one of the
tests requires that the power shall be
switched off on the climb, the elevator
control pulled back towards its maximum
extent, and that the craft shall, under
such conditions, descend on a steep glide
at a speed of not more than forty miles
an hour and under perfect control.

8—The ship must be provided with three
controls, which are independently effective
about corresponding axes of the aircraft
at all altitudes.

9—The aircraft must show its ability
to take off and to land on a plot 500 feet
square surrounded by a 25-foot obstruction.
To test this properly a portion of the field
will be marked off, and four observers
placed twenty-five feet above the ground
will sight across the boundaries of the plot.
After the craft has left the ground, the
observer will switch off the engine when he
pleases, and the pilot will land the craft
within the square without passing through
the imaginary obstruction. The test will
demonstrate the ability of the craft to use
restricted territory with bad approaches.
The aircraft must be able to taxi under
its own power in any direction in a wind
whose mean speed is at least 20 m.p.h.

We believe that the developments
arising out of this Competition will lead
us a long way on the road towards
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aviation safety, as the layman would
understand the term.

There are probably many people
today who still believe that a forced
landing in an airplane is a very hazard-
ous thing. To the experienced pilot,
however, it is only an incident, and
when a regular system of landing fields
is established, an airplane should be
able to glide without difficulty to a safe
landing even when its engines fail.

At present, however, the only ap-
proach to a landing field for the average
airplane is a steep glide. But a steep
glide in landing with the airplane of
today frequently means disaster. Con-
versely, in getting out of the small field
the present-day airplane cannot rise
steeply enough. The take-off is too
long, and the plane while climbing
rapidly may not clear the surrounding
obstacles. Accidents have frequently
occurred when a plane is climbing
rapidly and the engine suddenly fails.
The plane may "stall," and the pilot
lose control, the plane fall off on one
wing, and go into the dreaded "spin."

Undoubtedly by far the most fre-
quent cause of airplane accidents today
is the stall. Mr. Handley Page has
been working for many years on the
development of the slotted wing. The
effect of the slot is to delay or prevent
the breakdown of the air flow around
the wing, which with an ordinary wing
section occurs at an angle of about six-
teen degrees to the wind. It is the
breakdown of the air flow which causes
the loss of control. Recently, Mr.
Handley Page has perfected his auto-
matic slot, which prevents the loss of
control and reduces the possibility of
an unintentional stall.

There are some designers and manu-
facturers who believe that the same
result can be obtained by clever design
without resort to the slot. If this can

be accomplished, so much the better.
But under any circumstances whether
the slot be employed or not, manufac-
turers are seeking to develop a plane
that is not subject to loss of control
from the unintentional stall, thus re-
moving the greatest single hazard in
flying.

There is another remarkable aero-
nautical invention which may have a
marked effect in stimulating our efforts
to obtain safety in flight. This is the
autogiro, invented by Senor de la
Cierva, an aircraft which, contrary to
common belief, is not a helicopter. It
cannot rise vertically and its revolving
wings are not power driven, but in
many respects it is just like an ordinary
airplane. It has the usual engine-
driven propeller to pull it through the
air, the customary fuselage housing
the engine and crew, the usual form of
landing gear and tail surfaces to provide
up and down and side steering. Its
fundamental difference is that its lift
is obtained from a sort of giant wind-
mill with four blades. When once this
windmill has been set in rotation and
forward motion is attained, the wind-
mill continues to rotate. In so doing,
it provides an upward reaction or lift.

There are two great advantages to
the autogiro. With an ordinary fixed
surface, the wings must meet the air
rapidly in order to give sufficient lift.
In the autogiro the craft may be flying
or gliding very slowly as a whole, yet
the blades will be revolving fast and
thereby providing all the lift necessary.
Therefore, the autogiro is an aircraft
which can fly and land very slowly and
never "stalls." The second great ad-
vantage is found in the fact that the
blades are not only free to revolve
around the vertical shaft, but are also
hinged at the inner end, so that they
can adjust themselves in any required
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fashion without the windmill intro-
ducing any sideways tipping forces.

In addition to these two problems
which are already in process of solu-
tion, the third fundamental problem—
that of flying in fog—has recently
been solved in principle by experi-
ments conducted in the Fund's Full
Flight Laboratory at Mitchel Field.
The problem of fog fiying is one of
punctuality in air transportation rather
than safety, for the experienced pilot
does not attempt to combat fog, but
follows the formula that Lindbergh
consistently uses, namely, "Do not
attempt to fly through fog. Turn
back or land before it is too late."

In a very short time, however, this
evasion should no longer be necessary,
and air transportation can be regularly
conducted without fear of this last
menace. On September 24, at Mitchel
Field, Lieutenant James H. Doolittle,
in charge of the Full Flight Laboratory,
took off, fiying completely blind in a
covered cockpit, flew away from the
field and returned to a given spot
and made a landing. The experiment
thus not only demonstrated the com-
paratively easy operation of navigating
through fog, but the much more diffi-
cult undertaking of taking off and
actually landing, under conditions
where visibility was completely
obscured.

The demonstration represented the
successful consummation of experi-
ments which had been conducted for
nearly a year over the Full-Flight
Laboratory established by the Fund
at Mitchet Field. The principal factors
in making possible the accomplish-
ment were a new application of the
visual radio beacon, the development
of an improved instrument for indi-
cating the longitudinal and lateral
attitude of an airplane, a new direc-

tional gyroscope and a sensitive baro-
metric so delicate as to measure the
altitude of the airplane within a few
feet of the ground.

The test plane used in these experi-
ments was equipped with a com-
pletely covered cockpit. Unable to
see outside the cockpit and guided
entirely by his instruments. Lieutenant
Doolittle took off from Mitchel Field,
flew away from the field, turned around,
recrossed it, turned again and came
back, landing a short distance from
his starting point. In the place of the
natural horizon by means of which
the pilot usually keeps his plane at a
stable and safe flying attitude, and
which would be invisible in fog. Lieuten-
ant Doolittle used an "artificial hori-
zon" in the form of a small instrument
indicating to the pilot the longitudinal
and lateral attitude of the airplane
with relation to the ground at all times.

With stability thus assured, the
pilot was able to locate the landing
field by means of the direction-finding
radio. In addition to the long-distance
radio beacon already in use at Mitchel
Field and known to this country for
some time, a beacon had been installed
governing the immediate approach to
the field, casting a beam of some 15
or 20 miles in length in either direction.
On the instrument board of the plane
a visual radio receiver, consisting of
two vibrating reeds tuned to the radio
beacon, enabled the pilot to determine
the location of the beam and thus
the landing field. If he turned to the
right of his course, the right reed
showed an excessive vibration, and
vice versa, and by keeping the reeds
in equilibrium the pilot was able to
fly directly down the path of the beam
to his landing. The sensitive altimeter
showed him his altitude and made it
possible for him to calculate his landing
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to a distance of within a few feet of
the ground.

The demonstration eliminates the
last great hazard to the reliability
of airplane travel and means that a
principle has been developed which
when eventually perfected for com-
mercial use will make the airplane more
independent of weather conditions than
any other form of transportation. I
say "more independent" advisedly be-
cause the aircraft is not limited to
one plane of travel and can take
advantage of a number of approaches
to its destination without using a
congested roadway or water channel.

It is significant that the achievement
was realized through the aid of only
three instruments which are not already
the standard equipment of an airplane.
In other words, with the commercial
manufacture of these instruments, the
necessary equipment for fog flying
will be neither expensive nor com-
plicated, but of such a nature that it is
readily available to the average pilot,
and easily comprehended. The com-
mercial practicality of the develop-
ment is, therefore, assured from the
start.

The new principle which has been
demonstrated solves what I have con-
sidered in the past one of the two
remaining fundamental problems of
aviation. The application of this prin-
ciple, however, and the final perfection
of the best equipment for all phases
of fog fiying will require time and
effort on the part of commercial and
military organizations.

For example, in our demonstration,
use was made of the barometric alti-
meter which must be corrected for
variation of atmospheric conditions.
This correction is made by telephonic
communication from the ground to
the plane. Other altimeters not sub-

ject to atmospheric change are now in
process of development, and the Fund
is assisting in this experimentation.

Also, while the pilot fiies at suffi-
cient altitude to clear all surrounding
obstructions In coming into the field,
the problem of collision with other
aircraft in the air when flying through
fog is a serious one. This can only
be eliminated today by telephonic orders
from the ground directing the planes
fiying over the same routes so as to
keep out of each other's way. The
perfection of an instrument to warn
of the approach of another plane is a
device for the future. In addition,
while the particular beacon used in
the Fund's experiment is located at the
edge of the field, the beacons of the
future will be so located that it will
be possible to land always into the
wind. These are examples of the devel-
opments that should be greatly stimu-
lated from now on.

It might be mentioned here that
we learned a great deal about weather
conditions from the model weather-
reporting service which the Fund es-
tablished in cooperation with the
Government services and the Pacific
Telephone & Telegraph Company
over the 400-mile airway between Los
Angeles and San Francisco. This is
one of the most crowded airways in
the world, with three passenger and
express lines and an airmail service
connecting the two cities. As estab-
lished, the weather-reporting system
consisted of four central weather
bureaus, one at each of the terminal
fields and two at the intermediate
ports of Fresno and Bakersfield.
These four centers were connected
by wire with over 30 subsidiary sta-
tions scattered in such a manner as to
give comprehensive information of con-
ditions along all possible lines of flight.
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The experiment was a complete suc-
cess. In the event of fog over one
route, it was possible to send the air-
planes over another route. It was
possible also to designate the height
level at which they could receive the
benefit of favoring winds. The uncer-
tainty as to whether the road ahead was
good or bad has been holding back the
use of the airplane and retarding the
normal development of the industry.
By giving the air pilot information as
to the best route, just as an automobile
selects the best road to its destination,
the weather reporting service not only
increases the punctuality and speed
of air transportation, but adds to its
safety. It is essential that such a
system of weather reporting adapted
to aviation should be established by the
Government over the entire country.

There are, of course, a number of
minor improvements still to be made
in the structure of the airplane. The
development of a successful air-cooled
engine after the war was largely instru-
mental in making possible the extra-
ordinary long distance flights of recent
years. Both air-cooled and water-
cooled racing engines have now been
reduced to a weight below one pound
per horse power. Experiments now
going on with the Diesel and other
types of oil engines have revolutionary
possibilities.

Improvements will also be made with
the propeller. At the present time the
only really unpleasant feature of flying
is noise. The two main sources of
noise are the engine and propeller.
The present airplane has a propeller
driven directly from the engine, which
means that the tips of the propeller
revolve at a speed sometimes greater
than that of the propagation of sound,
resulting in a terrific noise. The geared
propeller is a new and accomplished

fact which not only makes possible
more efficiency but greatly reduces
noise. Also, eventually airplane en-
gines will be muffled, a relatively simple
matter, which will make the noise of an
engine no more than that of an
automobile.

These are all developments concerned
with the airplane itself and constituting
the particular problem of those special-
izing in aviation. There are other
needed improvements, however, which
are the concern of the community at
large and for the realization of which
aviation must depend upon sufficient
public interest. I have already men-
tioned the need for a weather-reporting
service for aviation and have urged
that such a service should cover the
entire nation. We need also uniform
Federal legislation governing the oper-
ation of airplanes. This means not
only uniform rules covering the flight
of airplanes, but regulating also the
landing of airplanes at airports. Uni-
formity in aeronautical laws is abso-
lutely essential if air transport is to be
safely operated.

Aviation is looking to the community
at large also for landing fields. If the
United States had a system of landing
fields throughout the country at ten-
mile intervals in every direction, then
an airplane would rarely be more than
five miles from a field, or in other
words, would rarely be outside of glid-
ing distance if flying at an altitude of
4,000 or 5,000 feet. Hence the danger
resulting from engine failure would be
minimized. A landing field system as
extensive as this, might seem, at first
thought, a little complicated, but it
would represent only 3 % of the area
devoted to the railroads and roads in
this country.

Aviation's need for town identifica-
tion by roof markings constitutes an-
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other obligation upon the nation's com-
munities. We have adequately posted
the highways for the automobile, but
the more confusing highways of the air
offer very little in the way of guidance.
The Fund has been at work for some
time in an effort to interest the 7,500
towns of intermediate size in the United
States to place roof markers, and we
hope to have a large portion of these
communities identified by the end of
this year.

There is perhaps one more thing to
be said in connection with the impor-
tance of aviation. In the past a man's
interest in aeronautics was a personal
interest—a pastime or a hobby of very
little cosmic significance. The interest
of most people in aviation today, how-
ever, is not a personal interest at all,
but a recognition of the enormous
possibilities of airplane travel. In the
development of the United States eco-
nomic progress in some of the states
was hampered by a lack of seaboard and
navigable rivers, and also because of
territory which was inaccessible except
at tremendous capital expenditure.
Indeed, the whole history of mankind
can be traced in the development of
communications, and there is a long
record of wars fought over seaboards
and harbors.

The airplane is changing these con-
ditions and offers to the community

a measure of economic independence
which no other method of transport
could provide. The outstanding ad-
vantage of the airplane is, of course,
speed. The cruising speed of the air-
plane today is already twice as fast
as that of any other method of travel,
even under the best conditions, but
the potential speed, as measured by
racing planes, is four times as fast as
any other kind of travel. In commerce
between the Americas, for example, the
distance between Washington, D. C ,
and the capitals of the Latin Republics
is reduced via the airplane by anywhere
from I to 23 days as against the existing
methods of travel.

This is an achievement that can be,
of course, measured in terms of dollars
and cents, but it can also be measured
in terms of spiritual values. The air-
plane is an instrument of international
understanding. On our own continent,
in particular, it will make possible a
more intimate contact with our Latin
American neighbors with whom our
relations have been more limited than
they should have been. It is my con-
viction that in view of these improve-
ments and developments now under
way in aviation the airplane will bring
to the progressive community a measur-
ably higher level of civilization.






