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It is not widely appreciated that Canadians were
active during the war in the field of aviation
medicine. Aviation medicine research in Canada
during the Second World War involved a
significant commitment of personnel and
resources. However, there has been little
historical investigation of this and that which has
occurred is misleading. In 1947 C.B. Stewart
argued that Canadian research was boosted by
an early start and achieved unsurpassed results;
the most prominent of which was the work of
Wilbur Franks.! In theyearssince 1947, Stewart's
conclusions have never been challenged. In fact,
historians have ultimately judged the entire
Canadian research effort equal to Great Britain's
and even equal to the United States'.?
Unfortunately, thiswell-established consensusis
not completely accurate. The problem is that
Canadian historians have consistently described
Canadian work without reference or comparison
to foreign research. Perhaps the most interesting
and illustrative example is that of the Franks
Flying Suit.

Designed by Dr. Wilbur Franks, it was the
first anti-g suit to beworn in combat. Intheyears
since World War Two, this achievement has
become symbolic of Canadian success in aviation
medicine. Whenever one research program has
been singled out to represent Canadian work, it
has usually been the Franks Flying Suit.® But, in
fact, the Franks suit was far from an unqualified
Success.

The Franks suit was developed to extend
human tolerance to radial accelerations. Radial
accelerations result from changes in one
component of velocity; direction. Radial

accelerations are encountered during sharp,
acrobatic manoeuvres, pull-outs from power
dives or anytime an aircraft is forced to
circumscribe an ever-tightening, circular flight
path. Radial accelerations are of utmost
importance, even today, as a limiting factor in
aircraft and human performance.

Radial or centrifugal acceleration is
measured in multiples of the acceleration due to
earth's gravity, which is 9.8 m/sec/sec (32.2 ft/
sec/sec). Thenormal force (1 g) applied from head
to foot upon a standing person with a mass of
80 kg is 80 kg. But if this same person is
subjected to an acceleration of 8 g, the force then
applied from head to foot will be 640 kg. For
medical purposes, this personwill now weigh 640

kg-

Because of the attitude of the aircraft in
conventional manoeuvres, the acceleration or
centrifugal force acts upon the seated aviator
from head to foot. The g-force seems to be
pressing the pilot into the seat. The magnitude
of the g experienced is a function of the velocity
of the aircraft and the radius of the circle being
circumscribed. The resulting equation is
expressed as g=V%r.* From this equation, it can
be seen that the importance of velocity is
paramount in the calculation of g, asany increase
in velocity has an exponential effect on the final
outcome.

The most important physiological effect of g
isuponthe circulatory system. At 7 gblood is as
heavy as iron. Sitting in a conventional upright
position in the aircraft, the great vessels of the
body are subject to this force.®> In these
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Dr. Wilbur Franks, inventor of the Franks Flying Suit.

conditions, the heart is not able to maintain
adequate circulation. The result is first a
dimming of vision at 3 g, followed by total

blackout and finally loss of consciousness at
4-6 g.

In order to increase human tolerance to
radial accelerations, it isnecessary to maintain
blood pressure to the brain and this objective is
undermined by the pooling of blood in the lower
extremities, as a result of the elasticity of the
human vascular system.® The basic concept of
the Franks suit was ingeniously simple. In 1939
Dr. Wilbur Franks, while conducting cancer
research, had concluded: "that mice, when
suspended in afluid the specific gravity of which
approached that of the mouse's body, could
withstand, without apparent damage, over 100
times the normal gravity."” Obviously, however,
it was not practical to suspend pilots in a cockpit
filled with fluid. Therefore, Franks decided to
"construct and test out a semi-rigid fluidjacket."®
Thisjacket, or suit as it would later become, was
of very special construction. It consisted of a
"non-extensible" outer covering, which acted as
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ashell to hold the fluid inside the suit.® This shell
had to be non-extensible because the purpose of
the suit was to direct the fluid inwards against
its wearer. If the fluid was allowed to expand
outwards al benefits were lost. There was also
an inner layer, which was extensible. Between the
two layers of the suit was contained the "non-
compressible fluid."® This fluid, under high
accelerations, was forced downward in the suit.
Because the suit's outer shell was non-extensible,
the fluid was then forced inward, thereby
providing sufficient pressure on the lower

extremities to prevent the pooling of venous
blood.

Although the concept was straightforward, it
quickly became obvious that a number of
problems would have to be overcome. The first
problems were in the physical construction of
the suit. Development work had to be undertaken
with the Dunlop Tire and Rubber Company and
Dominion Textiles Ltd to create a suitably strong
and non-extensible fabric."* The problem then

became theJ oints, which eventually had to be
vulcanized.

One of the most important problems which
Franks solved was coverage. The original concept
had provided for total coverage of the flier's body
below the level of the heart. Franks suspected
that full coverage would cause problems. Hence,
even before flight tests began, Franks had a
theoretical solutionin hand. Since the body was
"essentially afluid system" and would allow the
pressure from one surface to be transmitted
throughout the surrounding area,*® Franks
concluded that "the rubber enclosed fluid system
need only cover selected Portions of the body to
have the system effective™ Franks was right and,
when it became necessary to reduce the coverage
of the suit, Franks was ready.

Eventually, the problems were overcome. In
April 1941 Franks arrived at the Royal Aircraft
Establishment in Farnborough England, the
centre for RAF aviation medicine. In the several
months that followed, Frankswas successful in
demonstrating the effectiveness of his concept.
Flight tests were conducted using Fairey Battle
and Hawker Hurricane aircraft and the "suit was
found to prevent blackout up to 9 G."* On 21
August 1941, in areport entitled "Tactical Trials
with Hydrostatic Flying Suit" the operational



benefits of the Franks suit were explained: "In
combat the wearer of the suit can follow his
opponent however sharply he turns and still
retain hisvision which will enable him to use his
sights. In the pull-out from a high speed dive at
low level a protected pilot will be able to force a
following opponent to black out or break away."*®
In other words, the Franks suit conferred upon
its wearer decisive advantages in both offensive
and defensive situations.

Thus, the effectiveness of the Franks Flying
Suit had been established by August 1941, little
more than ayear after its first flight tests. This
short period of time represented a significant
scientific achievement, for it meant the conquest
of numerous design and manufacturing
problems. It was, however, a purely scientific
achievement. Would the Franks Flying Suit
measure up in operational conditions?

Almost from its inception, the Franks suit
had been the object of concern in this regard. In
early testing, at Malton in June 1940, Wing
Commander Greig had qualified his
recommendation of the suit with "the principle
involving the design of the suit is sound but in
its present form it is not a practical
proposition."*” A further report on service trials,
dated 8 June 1942 and written by W.K. Stewart,
a respected British pioneer in aviation medicine,
found "difficulties' with the suit.*® The Franks
suit had another problem.

How was it possible for the Franks Flying Suit
to be a complete technical success yet prove
ultimately impractical in combat? In fact, it
already had. German researchers, among whom
Siegfried Ruff and Otto Gauer were very
prominent, had been working on anti-g suits
since 1935. In May 1939, Siegfried Ruff had
outlined the German concept:

A particularly appropriate measure to hinder
this dislocation of blood would be to surround
the body with afluid which possesses a specific
gravity assimilar as possibleto that of the tissues
and fluids of the body and which, upon increase
of its pressure, cannot distend. It has been
proposed to surround the body up to the neck
with a double walled suit, of which the outer
wall isindistensible and the inner distensible,
adjusted closdly to the body surface. In case of
acceleration the changes of hydrostatic pressure
in the suit and in the organism would oppose
each other.®®

The Germans, then, proposed to use a double
walled, fluid-filled hydrostatic anti-g suit.

In other words, German scientists had
discovered the Franks suit before Franks. And,
as Franks would later find, the Germans had
encountered a number of obstacles. As Siegfried
Ruff explained, "However correct these technical
considerations, this is a somewhat difficult
matter to put into practice."?° Ultimately, Ruff
concluded German scientists had found the "idea
of using a double-walled, fluid-filled suit (inner
wall pliable for adjustment to the body surface
and outer wall rigid), although theoretically
correct, is practically impossible."?* Not only had
the Germans already invented the Franks Flying
Suit, they had already discovered that it was not
practical.

The fluid-filled suit was not practical as a
result of one feature inherent in any fluid-filled
suit - the fluid. The German suit had not been
practical because of the weight and bulk of its
fluid. In Siegfried Ruff s judgement, the "weight
of the suit alone, as well as the hindrance to the
movements of its wearer,...interfere with its
effectiveness."?? This, then, was the fundamental
flaw in the concept.

The Franks suit was ultimately judged
impractical by British and Canadian fighter
pilots. Combat trials dragged on for two years.
There were successes, as at Oran in November
1942, but the old problem, the fluid, couldn't be
beaten. In "The Remotest of Mistresses," Peter
Allen concluded that, in rejecting the Franks suit,
RAF fighter pilots were motivated by concerns
for their physical comfort and their "macho
image."? This is unlikely.?* In fact, in assessing
the Franks suit, RAF fighter pilots were motivated
by deeper misgivings. They found that the weight
and bulk of the Franks suit rendered it aliability
in operational flying. In 1946, a National
Research Council study noted that "[c]ertain
objections were eventually raised against the suit,
in particular discomfort while 'at the ready’, and
difficulty in turning to search for enemy aircraft
coming from behind."?®* These two objections
were based on years of experience in aerial
combat.

The Franks Flying Suit, it must be
remembered, had been intended to confer an
advantage to its wearer in only one aspect of aerial
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Franks, centre, with two assistants, fitting a Franks Flying Suit.
suit up toJit the individual wearer and thereby to obtain the maximum protectionfrom
acceleration.

combat. This it did very successfully. In air
combat manoeuvering, or dogfighting, the Franks
suit enabled pilots to turn more sharply than
their opponents, either to gain the necessary angle
of deflection in the attack or to prevent an
opponent from doing so in the defence.
Unfortunately for the Franks suit, air combat
manoeuvering was only one aspect of a very
complex environment. Fighter missions also
involved long hours in the cockpit, be it 'at the
ready' or en route to the combat area. Most
importantly, the very nature of fighter combat had
changed. By World War Two the increased speeds
of fighter aircraft, together with their small
physical size, had made the 'bounce’, or surprise
attack, by far the most deadly tactic.”® As aresult,
of all fighter aircraft shot down in World War Two,
at least 80 percent never saw their attacker.?’ In
these circumstances, alertness and visibilty,
especially to the rear, were of primary
importance.

Meanwhile, the Franks suit hindered pilots
in turning to search behind them. Itis apparent,
then, that the advantage gained in wearing the
Franks suit was more than offset by the
disadvantages the suit presented under wartime
combat conditions. The Franks suit might have
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Franks is lacing the

helped Its wearer to avoid a 20 percent chance
of being shot down. But it was working for the
enemy the rest of the time.

By 1944, the future of the Franks suit was,
at the very least, uncertain. It had been proven
to work from a technical standpoint but not from
an operational standpoint. This state of affairs
might have continued for quite some time.
However, wartime aviation medicine, being what
it was, did not wait patiently for evolutionary
improvements.

The one problem which the Franks suit had
never been able to overcome, like the German
one before it, was the weight of the suit's fluid.
This fluid made the suit heavy, it hindered the
movements of its wearer and, equally important,
it was there all the time, whether it was needed
or not. The only possible solution to the problem
was to remove the fluid and this is exactly what
was done. Inspired by Australian thinking and
utilizing Canadian practical experience, the
Americans developed an air-filled anti-g suit
which used compressed air to E)rovide counter-
pressure to the wearer's body.?® Working at the
Aero Medical Laboratory, Wright Field, Dayton,
Ohio, American scientists first reported the
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results of their research in January 1945. The
Type G-3 suit consisted of five air bladders
covering the calves, thighs and abdomen. It
weighed a mere two pounds. Moreover, it was
activated onlg when the force on the aircraft
exceeded 29.>° When activated the G-2 pressure
valve supplied compressed air to the G-3 suit at
the variable rate of 1.0 Ib/in%/g.%° That is, the
higher the acceleratory forces, the more counter-
pressure was applied.

After the war German scientists who
evaluated the American G-3 suit were amazed.
Otto Gauer, who had worked on the first
Luftwaffe fluid-filled suit, had previously
believed water to be the ideal solution. Yet, Gauer
found that the American G-3 suit gave better
protection than was possible with fluid-based
suits.!

In fact, the G-3 suit was superior to the
Franks suit in every respect. The American G-3
suit was more effective when needed and almost
non-existent when not needed because the weight
of the fluid had been removed. Defeat was finally
acknowledged by wartime proponents of the
Franks suit following one terribly simple

experiment. The Franks suit was emptied of fluid
and filled with compressed air. It gave better
protection.*

Inthe final analysis, the Franks Flying Suit
was an impressive scientific achievement; agreat
number of technical obstacles were overcomein
the development of the Franks suit. Materials and
construction techniques were invented and
perfected. The degree of coverage was refined.
Much of this work was useful to the postwar
development of the Franks air-filled suit, aswell
as to the Americans.

Only one problem, the weight of the suit,
could not be overcome. The fluid-filled suit
dangerously restricted the movements of its
wearer and was, therefore, never practical for
widespread service. The Franks suit simply
presented more operational liabilities than
benefits. Ultimately, the Americans developed the
air-filled G-3 suit, which had superior
performance to fluid-filled suits yet none of the
liabilities.

The history of the Franks suit demonstrates
the necessity of quaifying, by careful examination

Human centrifuge at No. 1 ITSin operation. When completed the
Canadian centrifuge was the best in any Allied country.




and comparison, the achievements of Canadian
researchers. The Franks suit was not, as has
often been supposed, an original concept. The
Germans had already experimented with fluid-
filled suits and found them impractical. Nor was
the Franks suit the best concept. The American
G-3 was that. The FFS represented an
evolutionary development; anecessary first step.
It was the Americans who capitalized upon
Franks' work. It was the Americans who
produced the best anti-g suit in the world; one
which, like the Bazett jacket, is still in service
today.*

There is no doubt that the foregoing would
seem to cast a shadow upon Canadian
achievements in aviation medicine. The Canadian
research program was not comparable to the
programs of Germany, Great Britain or America.
Nor was Canadian work always revolutionary, nor
even successful, in nature.

When C.B. Stewart in 1947 attributed much
of Canada's success in aviation medicine to an
early start and described a "nucleus" of talented
personnel and facilities that were in existence at
the outbreak of war,* this was never challenged.
In the years following, this interpretation was
never challenged and was often repeated,
sometimes verbatim.®® In short, historians have
agreed that, at the outbreak of war in 1939,
Canadawas ready to compete against the rest of
the world in aviation medical research.

This was simply not true. German aviation
medicine in 1939 was of superior quality in
almost every respect. Canadian medical scientists
were not like their German counterparts.
Canadian scientists knew nothing of the
complexities of aviation medicine. Wilbur Franks
discovered the acceleration protection afforded
by water in his cancer experiments.*® But he
might have discovered it more easily in German
aviation medical textbooks of the time.*” Other
Canadian researchers such as Banting, Hall,
Franks and Kitching were, in fact, completely
unaware of the most fundamental aspects of
aviation medicine.®® In 1939, Canadian medical
scientists were out of their depth.

But, by 1945, everything had changed.
Canadian researchers had made original and
substantial contributions to human knowledge
of aviation medical problems. The pressurized
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breathing equipment developed by Dr. Bazett and
the electrocardiography program supervised by
Dr. Manning were among the best in the world.
Other work, such as the acceleration research
begun by Dr. Wilbur Franks, made possible
revolutionary advances elsewhere. Canadian
research articles appeared in every important
periodical concerned with aviation medicine. As
late as the 1950s the RCAF Institute of Aviation
Medicine in Toronto was conducting British low-
pressure research which the RAF Institute of
Aviation Medicine was not capable of
completing.® In short, Canadian aviation medical
research had achieved international recognition.

This, surely, must be the measure of
Canadian success in aviation medicine. Canadian
aviation medicine started the war with
comparatively little expertise, a handful of
personnel and few resources yet it ended the war
with some of the best research programs in the
world. Canadian aviation medical researchers
began with severe limits placed upon their
potential. But they went beyond the limits.
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