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AEROSPACE MEDICAL RESEARCH LABORATORY ’S
PILOT STRENGTH AND ENDURANCE SCREENING PROGRAM

Joe W. McDaniel
Aerospace Medica l Research Laboratory

Aerospace Medical Division , Air Force Systems Cornand
Wright-Patterson Air Force Base, Ohio

The United Sta tes Air Force has recently begun accepting women into the pilot
training program. Since women are prohibited from flying aircraft which have a
combat mission , the aircraft available to women are mostly the multi -engine trans-
port type. The 19 aircraft currently available for assignment to female pilots
are C—l35 , VC-131 , EC— 12l , C-140, VC— l37 , C-9, C-l41 , C-12 , C— 5 , E—4, WC-130, UH—l ,
1.1— 4 , 1-43, T-41, T-39, T-38, T-.37, and 1-33.

The design standards for aircraft control resistance have evolved over a
period of years based on the experience and performance of male pilots in the
mission environment. Reliable performance here can only be defined in terms of
the mission environment. It must be recognized tha t the existing standards for
aircraft design and existing aircraft have male pilot performance capabilities
as their baseline. There have been necessary trade—offs which have , in many cases ,
resulted in control characteristics which are marginally operable by male pilots
under extreme conditions .

In October of 1976, a two-phased program was defined by AMRL . The Phase I
effort was a preliminary effort to (A) define female strength and (B) accumulate
data on control actuation forces. The Phase II effort will develop , deploy , and
validate a strength measuring technique for screening pilot candidates . This
phase consists of comprehensive studies to (A) measure relevant pilot strength
characteristics , (B) eval uate unknown aircraft control force characteristics , (C)
design and construc t screening apparatus , and (0) validate the screening apparatus.

RESULTS OF PHASE I - PROBLEM IDENTIFICATION

The purpose of Phase I of the Pilot Strength Screening Program was to
determine the scope and magnitude of the problem , if any . After surveying a
number of sources as described below , it was determined that an increase in risk
would occur if the physical strength and endurance of future pilots were signi-
ficantly below that of the present population of male pilots . AMRL—TR-73-32 ,
“Muscular Strength of Men and Women : A Comparative Study ,” is an extensive
review of muscle strength literature involving strength measures for which
comparable data exist for both men and women . The data show that the “overal l”
total body strength of women as compared to men is about 63.5~; however, thisvalue may range from 35 to 86%. Static strength in the upper extremities of
women were found to be 59.5% that of men with a range of 47 to 79%. Women ’s
trunk strength ~~s found to be 63.8% that of men with a range of 37 to 70%.The dynamic strength characteristics , which included lifting , lowering, pushing ,
and pulling tasks , of women were found to average 68.6% that of men , rang ing from
59 to 84%.
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An FAA study t i t led , “Study of Control Force Limits for Female Pilots ,”
involved 24 female pilots selected by age, weight and height to represent the
population of female civilian pilots. These results provide some guidance as

• to how long (in seconds) female subjects could exert a given force on a particular
aircraft control . These data indicate extremely broad ranges of endurance , ranges
as low as two seconds for hold ing 55 pounds of elevator , 12 seconds for 22 pounds
of aileron , and one ~econd for 150 pounds of rudder. These levels of endurance
are not adequate to fly large, multi -engine aircraft.

The aircraft specifications permit the following simultaneous control
resistances:

Type Control Elevator Aileron Rudder

Stick 50 pounds 25 pounds 175 pounds
Wheel 75 pounds 40 pounds 175 pounds

The duration of these forces is not specified , although duration is as critical
as the quantity of force. All airc raft were not built to these standards , however ,
and some requirements were wa i ved when solutions were costly. Data compiled by
the Flight Controls Branch of ASO Deputy for Engineering show that many aircraft
control forces exceed the current specification. It was also reported that some
male pilots have had control problems .

This is not to say that women cannot or should not fly. During Wt4-Ir , the V
famous WASPS (Women Air Service Pilots) performed exceptionally as ferry pi ’ots
and in target towing. These were not average women , however. A ll applicants had
a minimum of 200 hours of civilian pilot experience . More than 92 percent of
applicants were rejected in rigorous screening. Of these accepted for trainin g,
40 percent washed out prior to graduation. With the current high cost of trainin g
military pilots, ($238 ,000 for each undergraduate pilot trainee) our purpose in
developing a strength and endurance screening procedure is to avoid the costs and
safety implications associated with using pilot training itself as a screening
procedure.

An interview study of 22 USAF transport pilots has verified that endurance of
submaximal forces either repeatedly or for a long period of time is common . These
pilots have had experience in I l  of the 19 candidate aircraft , and as a group have
piloted 26 different Air Force aircraft . This experience provided a basis for
comparing the relative difficulty of flying these aircraft. The consistency of
responses among these pilots gives cause to accept them as val id . The majority of
pilots had over 2000 flying hours and many were test and instructor pilots . The
consensus is that the transport type aircraft (C-l41 , C-135, C-130 , etc.) require
many times the control force of trainers (1—37 , 1—38) or fighter type aircraft.
Particularly, conditions such as out-of—trim , failed hydraulics, and engine out;
and maneuvers such as cross-wind landing , extending flaps , dive recovery and engine
run-up; require large forces on the controls for extended periods of time or
repeatedly to the extent that physical fatigue can be a limitin g factor. The
endurance of submaxima l forces was frequently described as the limiting factor,
rather than brief exertion of maximum strength,
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The results of the Phase I investigation led to the conclusion that persons
of relatively less strength and endurance may not be able to pilot some of the
larger aircraft under adverse control conditions with a high degree of performance
and safety. The Phase II effort to develop a strength and endurance screening
procedure has been initiated and is underway at AMRL.

PHASE II - DEVELOPMENT OF SCREENING PROCEDURE

The purpose of Phase II is to develop , deploy , and validate a strength
measuring technique for screening pilot candidates. Because of the range of
size and sophistication of the candida te aircraft , it is expected that there
will be a considerable range of forces required to operate their controls.
This study will consider the static and dynamic strength and endurance capability
for each of the major controls: stick , wheel , rudder and ejection controls; both
individua l ly and in appropriate combination . Because the screening procedure will
have a duration much shorter than the typical aircraft mission , a time compressed
test must be devised . A comprehensive strength study is necessary to establish
these compression factors so that the screening procedure will be a valid pre-
diction of pilot performance . This strength study is important not only to the
development of a strength screening device , but also to the future design and
evaluation of USAF systems. A thorough effort here will continue to draw
dividends for many years.

Two pilot configuration strength testing devices acquired from the Navy
are currently being modified for this study. One of these devices has a wheel-
type control ler and rudder pedals, while the other has a stick-type controller
wi th a collective and rudder pedals. New control linkages are being fabricated
to allow direct measurement of forces on the controls. These devices employ
pneumatic cylinders to provide a passive , variable spring resistance to control
movement.

The first series of experiments will be concerned with the comparative
strength of male and female subjects tested on traditiona l aircraft controls:
stick , wheel , rudder , and collective . Since the stick and wheel controllers
are operated by different sets of muscles , these studies will try to establish
a predictive relation between performance on these two controls. The relation
between body size and strength will be another variable of study.

In addition to the two cockpit simulators , a third a~,paratus is beingconstructed with a wheel-type controller and rudder pedals. The controls of
this device will be attached to powerful mechanical actuators so that active
and dynamic control resistances can be created and measured in real-time by
means of a digita 1. data collection system. The major difference between this
and the other devices is that the controls will move on conii~and from the micro-processor based automatic data collection system. In this way, a control feed-
back loop can be generated under program control to cause the rate of control
movement to be a function of the force the subject is exerting on the controls
allowing the work output of the subject to be measured directly, This device
will also permit isokinetic force measurements with the aircraft configuration
controls, As a laboratory research tool , the device wi ll be versati le and
efficient, allow ing almost any active or reactive control situation to be
created.

3



The test device which will be deployed in the field will probably have

•~Mny of these same features . An inexpensive micro-processor will completely
control the test apparatus. The subjec t wil l  be automatically cued to perform;
the control resistances wi l l be adjusted ; the strength and endurance measures
recorded; the measures will be reduced; and the final test scores printed by
the device itself . In this way , the test procedures can be complex and
sophisticated , while procedura l i rregularities , data reduction errors, and
data transcription errors will be prevented . Once the strength characteristics
of the operators and the strength requirements of the aircraft are known , the
design of the pilot screening device can be completed . The characteristics
of this device must simulate the appropriate range of aircraft control locations ,
resistances , damping, and force/displacement profiles to provide a prediction
of the subject’s capability to perform the missions of the aircraft. The
device must measure endurance as well as strength , and will probably require
a time-compressed endurance test to predict performance of missions which may
last several hours.
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