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ABSTRACT

Aim: To analyze the muscle strength of Aviator Cadets undergoing a training program in an EMB312/T-27 Aircraft Force
Simulator prototype. Methods: The current study comprised of 56 Aviator Cadets from the Brazilian Air Force, divided
into four groups (N=14): 2" Squadron, 4" Squadron, Control Group and Female Aviator group. The protocols employed
evaluated force measurements for isometric contraction time from the following maneuvers: nose-up, nose-down, rotation
to the right, rotation to the left, and ejection force. Results: Statistical difference was observed for all groups, after training,
for the nose-up maneuver. Only the Female Aviator group presented no significant statistical difference, after training, for
nose-down maneuvers. The 2*¢ Squadron and Female Aviator groups presented no statistical difference, after training,
for the rotation movements to the left and right. The Female Aviator group presented no significant statistical difference
for ejection force after training. Conclusion: A difference in force achievement was verified for the 4* Squadron cadets
in comparison to the other experimental groups. It was also possible to observe a significant difference in the isometric
force of the male aviators in comparison to the females.

KEYWORDS: Force simulator; Aircraft T-27; Isometric force; Ejection; Brazilian Air Force

RESUMO

Objetivos: Analisar a forca muscular de Cadetes Aviadores submetidos a um programa de treinamento utilizando o
protétipo do Simulador de Forgas da Aeronave EMB312/T-27. Métodos: Este estudo foi realizado com 56 Cadetes
Aviadores da For¢a Aérea Brasileira dividido em quatro grupos (N=14), sendo: 22 Esquadrio, 42 Esquadrio, Controle
do peso e Aviadoras. Os protocolos utilizados avaliaram as medidas de forga em fungo do tempo de contragio isométrica
para os movimentos de Cabrar, Picar, Rotaciio Interna e Rotagfo Externa e da forga de ejegio. Resultados: Foi observado
que houve diferenca estatistica aps treinamento para todos os grupos no movimento de Cabrar. Para 0 movimento de
Picar somente o grupo Aviadoras nio apresentou diferenga estatistica significante apds treinamento. Para o movimento
de Rotagio externa e interna o 22 Esquadriio e Aviadoras nio apresentaram diferenga estatistica apds treinamento. Para a
forga de ejeciio o Grupo de Aviadoras nio apresentou diferenca estatistica significante apés treinamento. Conclusdes: Foi
verificada diferenga na realizago de forca dos Cadetes 42 esquadriio em relagio aos demais grupos experimentais. Também
se pode observar uma diferenga significante da forga isométrica de homens em relacio as mulheres aviadoras.

PALAVRAS-CHAVE: Simulador de forgas; Aeronave T 27; Forga isométrica; Ejegio; Forca Aérea Brasileira
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1 Introduction

Flight fatigue is defined as a state caused by air
activity that deteriorates the psychophysiological
condition of a crew, leading to a progressive reduction
in their performance.>*'!7. Kanashiro (2005) proposes
the approach of placing situations that generate flying
fatigue into two groups: those originating from the
air activity itself, designated as operational factors;
and those arising from physiological, psychological
and professional aspects, designated as individual
factors.

The stress loads that individuals from this unusual
profession are subjected to are extreme, and thus a lack
of preparation or clear understanding of some physical
symptoms can lead them to physical breakdown or
even death”$?.

Technological developments have provided
improvements in ergonomic design, computerized
systems and air traffic control, resulting in a positive
impact on flight safety. However, it is still of note
worldwide that human factor remains prominent
among the causes of air accidents!®11.2632,

1.1 Pilot Training in the Brazilian Air Force

The Official Aviators Development Course
(OADC) is certified by the Ministry of Education
as a higher education course (Opinion document n®
672/80). The course duration is 4 years. Throughout
this period cadets receive general, specialist-technical
and military instruction. Flight training in a T-25
aircraft is undertaken in the second academic year.
In the fourth year cadets take-up flying in the 1 Air
Training Squadron (1% ATS), flying T-27 aircraft
(Figure 1).

Figure 1. EMB 312 T-27® Aircraft (Source: AFA)

1.2 Maneuvers

Stick movements occur in all directions, but there
are four basic maneuvers for aircraft motion: rotation
to the left, nose-up, rotation to the right and nose-
down.

2 Objectives

To analyze the muscle strength of Aviator Cadets of
the Pirassununga Air Force Academy, SE, undergoing
an ejection and aerobatics simulation training program
using a T-27 aircraft Force Simulator (FS) prototype
(SFA-EMB312/T-27).

3 Materials and Methods

Fifty-six cadets from both genders were divided into
four groups: Group 1 comprised of 2" Squadron cadets;
Group 2 of 4" Squadron cadets; Group 3 of a Control
Group of aviators, matched for weight; and Group 4
comprised of Female Aviators. The research project
was submitted to and approved by the Research Ethics
Committee of the Faculty of Medicine of Ribeirdo
Preto/USP — National Council for Research Ethics,
which approved its implementation under Protocol n°

340.178/2013.

3.1 Equipment and Instruments Used

The equipment and instruments used in this

project were:

1. EMB 312 T-27 “Tucano” aircraft FS prototype
(SFA-EMB312/T27) developed at the
Bioengineering Laboratory of the School of
Medicine of Rio Preto — University of Sao Paulo,
with support from the Sdo Paulo Research
Foundation*. Patent # PI 0802590-8A2.

2. Electrical signal logger of the SFA-EMB312/
T27 prototype.

3. Ametek Mansfield and Green.Div® ejection
dynamometer, adapted to the SFA-EMB312/
T27 prototype.

4. Ejection handle of the T-27 aircraft, adapted to
the SFA-EMB312/T27 prototype.

3.2 Force Simulator Prototype

Figure 2 shows a frontal view of the FS prototype
SFA-EMB312/T27.

Figure 2. Frontal view
of the FS
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The SFA-EMB312/T27 prototype stick is
connected at its lower end to 4 joints, one for each of
the selected directions of the simulator. Steel springs
with a load cell connected at their ends are used to
calibrate the forces exerted on the stick. The load cells
perform the measurement of forces.

Storage and processing of the forces data
transmitted by each load cell, according to time, is
carried out by an electrical signal logger, coupled
to a computer. The electrical signal logger has
software that converts signals acquired by the
load cells into graphs of the force applied against
time.

An Ametek Mansfield & Green Division
dynamometer, coupled to a T-27 aircraft ejection
handle fixed to the base of the FS, was used to evaluate
the ejection force.

3.3 Technical Training

Before carrying out training in the FS, cadets
received specialized technical instruction from an
experienced instructor regarding stick movement
in the performance of aerobatic simulations and the
correct form and positioning for ejection.

3.4 Measurement of isometric force
and ejection

Measurements of the maximum time of isometric
contraction were recorded for the following movements:
(1) nose-up; (2) nose-down; (3) rotation to the right;
and (4) rotation to the left. A 60 second maximum
time was set for each move. This time was based on
the duration of a real aerobatics maneuver. The time
interval between moves was set at 30 seconds, which
is equivalent to the time spent in real-life aircraft flight
training??. Eight evaluations were conducted over a
period of eight weeks. No training took place in the
first four weeks during the Control Phase. Training
began for the Training Phase from the fifth week
onwards.

3.5 Force (kgf) exerted in the
Force Simulator

Isometric force assessments were carried out in the
FS calibrated for a 30kgf force. This is the maximum
force applied while performing aerobatics in a T-27
aircraft, subject to a gravitational force equal to 6Gz+.
Figure 3 presents a Female Aviator cadet carrying out
the isometric force evaluation for a rotation to the left

in the FS.

Figure 3. Female Aviator
cadet undergoing a
rotation to the left isometric
force evaluation in the
SFA-EMB312/T27

3.6 Control Phase

In the control phase, cadets underwent four
evaluations of isometric force over a four week
period using the stick and ejection handle in the
FS. Evaluations were performed at the end of each
week.

3.7 Training Phase

During the training phase, cadets carried out
aerobatics simulations: four of isometric force by time
and four of ejection force. Aerobatics simulations were
performed by means of training conducted in the FS,
always following the sequence: 1 — Looping, 2 — Barrel
roll, 3 — Slow barrel roll and 4 — Returnemant. The 30
second interval between simulations is in agreement
with the mean real-time interval between one aerobatics
maneuver and another. The training protocol began
with 4 repetitions of each aerobatics maneuver and, from
the fourth week onwards, culminated in 16 repetitions.
The number of repetitions was set in accordance with
the training schedule during the flying phase. The plan
was to adjust the training process to situations as near
to reality as possible. The total training time ranged
from 5min to 20min per training session. Three sessions
per week were carried out during the training phase,
with a total of 12 training sessions.

3.8 Statistical Analysis

Data obtained from the control and training phases
were analyzed according to ANOVA one-way variance
analysis’”2. Results were found using the Bioestat 5.0
software?. The significance level was p<0.05 for all
performed tests?.
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4 Results and Discussion

A comparison of the mean times (=SD) between
the control and training phases for the nose-up
maneuver showed a significant statistical difference
for all four groups, as follows: 2*! Squadron control
phase (25%+2.16s), training phase (33.5%2.08s)
(p=0.0018); 4* Squadron control phase (34+2.58s),
training phase (48.5%+5.44s) (p=0.0035); Control
Group control phase (29%2.44s), training phase
(39.7£1.7s) (p=0.0007); and Female Aviator group
control phase (21.5 = 2.12s), training phase
(26.5+2.38s) (p=0.0203).

A comparison of the mean times (£SD) between
the control and training phases for the nose-down
maneuver showed a significant statistical difference
for three of the groups, as follows: 2™ Squadron control
phase (24*1.41s), training phase (27.75%2.21s)
(p=0.0285); 4* Squadron control phase (32+2.94s),
training phase (37.25%+2.06s) (p=0.0261); Control
Group control phase (28.25+3.3s), training phase
(34.5+3.1s) (p=0.00323). However, results for the
Female Aviator group control phase (23.5%+0.57s)
and training phase (26.75+2.63s) showed no statistical
difference (p=0.0511).

A comparison of the mean times (£SD) between
the control and training phases for the rotation to
the right maneuver showed a significant statistical
difference for two of the groups, as follows: 4t
Squadron control phase (25 *= 6.68s), training phase
(38.45+3.96s) (p=0.0135); Control Group control
phase (21.50%3.10s), training phase (29.16%+4.36s)
(p=0.028). On the other hand, no statistically
significant difference was found between results for the
274 Squadron control phase (21.75%2.75s), training
phase (25.87%=4.51s) (p=0.1682); and the Female
Auviator group control phase (18.75%1.50s), training
phase (213+1.71) (p=0.0652).

A comparison of the mean times (=SD) between
the control and training phases for the rotation to the
left maneuver showed a significant statistical difference
for two of the groups, as follows: 4™ Squadron control
phase (20.75%3.86s), training phase (31.5%3.1s)
(p=0.0051); and Control Group control phase
(22+5.03s), training phase (35.25 = 1.5s) (p=0.0029).
However, no statistically significant difference was
found between results for the 2» Squadron control
phase (21.50%3s), training phase (21.75%2.21s)
(p=0.8928); and the Female Aviator group control
phase (20%1.82s), training phase (23.50+4.04)
(p=0.1635).

Analyzing the time for each maneuver, results
for the 2" squadron showed an increase between the

control and training phase of 25.3% for the nose-up,
13.5% for the nose-down and 15.9% for the rotation to
the right maneuvers, with only a 1.14% increase noted
for rotation to the left.

The higher values recorded for the 4™ Squadron
were 29.89% for the nose-up, 14.09% for the nose-
down, 34.09% for rotation to the right and 34.12% for
rotation to the left maneuvers.

The increased values recorded for the Control
Group were 26.5% for the nose-up, 18.1% for nose-
down, 26.2% for rotation to the right, and 37.5% for
rotation to the left maneuvers.

An analysis of the time for each maneuver
performed by the Female Aviator cadets showed
recorded increases of 18.8% for the nose-up, 12.1%
for the nose-down, 11.9% for rotation to the right and
14.8% for rotation to the left maneuvers.

Results of the aerobatics simulation force training
presented positive results. The 4™ Squadron was seen to
stand out in relation to the other groups. This may relate
to the natural adaptation of the cadets over the four
years of training. The difficulties demonstrated by both
the 2* Squadron and Female Aviator groups can also
be noted. These groups presented little improvement
after training. The Control Group was formed of cadets
with various years of training (2, 3 and 4 years). Despite
this being an assorted group, it presented good results
in response to the training program. However, it is true
that all groups after training reached higher levels than
those recorded during the control phase.

The results presented reinforce the idea that there
is a significant difference between the muscle strength
of male and female pilots. It suggests that squadrons
including female aviators should have closer monitoring
and specific training to ensure the female aviators
reach values closer to those of the male aviator cadets.

Physical training for Brazilian Air Force pilots can
help identify possible causes of pilot injury. According
to statistics from the United States Air Force (USAF),
2013, the prevalence of the direct participation of in-
flight muscle fatigue in air accidents is in terms of 5%.
However, when signs and symptoms derived from this
fatigue are considered, such as a lack of attention,
mistaken perception and a deficient decision-making
process, the index can be closer to 35% (USAEF, 2013).
There is no statistical study on the prevalence of fatigue
in-flight in the BAE

The relevance of the statistical data justifies the
interest in knowledge of the etiological factors of this
clinical condition in the BAE These concepts support
other researches®*, aiming to provide backing for the
implementation of methods, protocols and standards
for its prevention.
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The work in this specific field of aerospace medicine
demonstrates the importance of research. Whilst there
have been advances in the diagnosis and treatment of
related diseases and a consequent increase in quality-
of-life and activities performed by aviators'>'>1628 it
is worth highlighting that muscle fatigue can alter
perception of the deficiency itself, meaning that by not
being aware of their own state, the pilot may continue
in their activity whilst suffering a deteriorated physical
condition®!8%, There are very few studies related to
these criteria in the BAE

Kemppainen, Hamildinen and Kéndnen (1998)
demonstrated that intense physical exercise increased
the pain threshold in fighter pilots suffering from
episodes of “neck pain”, as well as diminishing responses
to discomfort.

According to Epperson, Burton and Bernauer
(2010), the influence of physical activity, when
related to tolerance of G-load acceleration, has been
discussed by many authors over the years. It is certain
that evidence exists in the scientific literature that a
good state of physical conditioning allows pilots to
more easily withstand the stresses inherent to the
profession.

Gillingham (1988) states that anaerobic fitness is
an important physiological component for increasing
G-load tolerance and states that training with weights
and counter-resistance results in significant increases,
corroborated also by Epperson, Burton and Bernauer
(1982).

Research performed by Whinnery and Parnell
(1987) revealed there was a statistically significant
increase in tolerance to G-load when associated with
anaerobic fitness and recommend that its quantification
needs to be better studied. A similar assumption can be
found in Lansimies and Rauhala (1986).

Hartung et al., (1993) report that an increase in
muscle strength may favor a better response to G-load
tolerance. Nonetheless, the literature considers that
anaerobic conditioning of strength is an important
aspect in the development of fighter pilots, supporting
the suggestions made in the current study.

Similarly, Gilligham (1988) shows in research
performed by the USAF related to physical fitness
and tolerance of G force that 12 weeks of strength
training resulted in a significant increase (p<0.02)
in G tolerance. On the other hand, the control and
aerobically trained groups presented no significant
differences in such tolerance. The researcher explains
this fact must be due to the stimuli arising from the
G action, being short duration and high intensity
isometric contractions and, thereby, predominantly
involving anaerobic metabolism.

Epperson, Burton and Bernauer (2010) corroborate
this, suggesting that strength training promotes a greater
increase in tolerance to G forces, and concluding that
it is fundamental for the fighter pilot.

Gilligham (1988), Epperson, Burton and Bernauer
(1982), Whinnery and Parnell (1987), Linsimies and
Rauhala (1986), and Dejurs (1992) may be correct
when referring to associations between muscle strength
and G tolerance. It should be taken into account that
energy recovery from anaerobic stimuli is derived from
the aerobic system® and flight fatigue comes not only
from the actions of G force?*6%.

Hickman, Triebwasser and Lancaster (1980),
and Joseph (1998) warn that subclinical diseases can
manifest as sudden incapacitation and may lead to
death due to high exposure to G-load, associated with
other risk factors. Therefore, anaerobic conditioning
of strength can contribute as a prophylactic measure
against possible heart problems that might affect the
fighter pilot, since, due to their profession, they have
an increased potential for cardiac risk.

On the other hand, Moreira (1987) argues that
aerobic conditioning should not be discounted, despite
the evidence for strength work being notable.

More specifically when referring to fighter pilots,
Jacobs (1987) mentions that strength training can
improve tolerance to Gz+ acceleration during
simulated combat in a human centrifuge.

Besides being important within airlines and
operational squadrons of the BAEF, this monitoring most
certainly cannot be overlooked during the selection
and training processes of new pilots?.

It can be observed from the results related
to ejection that the mean (xSD) ejection forces
showed a significant statistical difference between
phases for three of the groups, as follows: 2rd
Squadron control phase (53.25=+8.49kgf), training
phase (78.37+8.36kgf) (p=0.0061); 4™ Squadron
control phase (71.40%13.06kgf), training phase
(103.50£5.44kgf) (p=0.0044); and Control Group
control phase (56.05%+10.59kgf), training phase
(88.47+8.44kef) (p=0.0036). However, results for
the Female Aviator group showed no statistically
significant difference between the control phase
(33.62+1.97kgf) and training phase (36.250.90kgf)
(p=0.0507).

In relation to the ejection force, the results
demonstrate the mean figures achieved by the 4®
Squadron, 2" Squadron and Control Group are
relevant in relation to the Female Aviator group.

According to Mylle (1998) military aviators
should be physically prepared for heavier and more
arduous tasks, and the level of muscle strength can be
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fundamental during emergency situations, such as in
combat or during ejection.

In extreme conditions, the T-27 aircraft can reach
values of up to 6 Gz+ before facing rupture of its
structure. In such unfavorable conditions, the pilot
must eject. Drawing a parallel between the required
ejection force in kgf and the Gz+ force, no group
reached the 6Gz+ maximum value. In these results,
the Female Aviator group achieved values lower than
2 Gz+, which could indicate a low capacity to eject
should such an occurrence ever occur.

The percentage results for ejection showed an
important finding. The 2" Squadron, 4t Squadron, and
Control Group achieved improvements above 30%,
being 32%, 31% and 36%, respectively. Conversely,
the Female Aviator cadets made a slight improvement
of 7.2% after training.

The current study identified a difference between
men and women, with some studies also reporting
the inequality between genders. Women present less
muscle mass in comparison to men, reflecting lower
availability of muscle energy in such a case (Fox, 2000).
[t is possible to draw a parallel with the effort expended
in air combat maneuvers, usually lasting 2-3 minutes.
The maximal aerobic power (VO, max) of women is
also 15-25% lower than that of men, mainly due to
factors linked to body size’.

In 1992, a Presidential Commission in the United
States conducted a study seeking to improve female
conditioning in the army in order to help them reach
the same fitness standards as their male counterparts.
Only 3.4% of women achieved the male mean standard,
at a cost of doubling the rate for injuries to the lower
extremities and having 4 times more fracture cases.
From the anaerobic power: measurement of individual
capability to produce power in a localized muscle
area, independent of blood or oxygen supply, it was
concluded that the women studied had 50% to 60% of
the muscle strength in their upper torso in comparison
to men, as well as only 70% to 75% of aerobic
capacity®%%,

In relation to tolerance to the Gz+ force, studies
performed in human centrifuges have shown the
negative influence of the gender factor. In general,
women are smaller, pointing to a lower tolerance
than men. A comparison of individuals of the same
stature showed that women have about 15% lower
tolerance®.

Another critical criterion for aircraft equipped with
an ejection seat is the individual crew weight, which
should be between 58.65kg and 93.53kg in order to
ensure safety of operation??. Women have presented
difficulty in meeting the lower limit for this measure.

An unprecedented study was initiated in 2013
involving all pilots and cadets of the BAE. This ongoing
study aims to evaluate the anthropometric profile of the
Brazilian pilot. A major problem for the BAF is due to
the fact that aircraft components are not all produced
in Brazil. The ejection seat of the T-27 aircraft has
anthropometric standards set for American and British
pilots. This difference can hamper ergonomics and the
suitability of Brazilian pilots for the national aircraft.
The aim of this study will be to fabricate aircraft over
the coming years that are appropriate for national
anthropometric measurements.

Studies of the American Air Force (2005) have
shown that the combination of physical strength
and inadequate ergonomics results in a substantial
percentage of women falling below the required criteria
for operating the controls of fighter aircraft. Among the
factors analyzed, the most restrictive was the ergonomic
unsuitability of much of the female population for
the cockpits and ejection seats of aircraft, as well
as the flight equipment, since these were specified
to meet the anthropometric standards of the male
population.

Positive actions taken by the BAE such as the
acquisition of flight suits and equipment adapted
to female anthropometric measurements, clinical
and psychological monitoring, and the adoption
of personalized fitness programs, will facilitate this
integration.

5 Conclusion

Through this research it was possible to analyze
and compare the muscle strength of Aviator Cadets
in a Force Simulator prototype, measuring isometric
force by time, and ejection force. The FS was able to
train and evaluate the cadet in an aerobatics simulation
program. A difference in strength was found when
comparing the 4* Squadron with the other groups,
indicating there may be an adaptation of the aviator
over the course of training. The Female Aviator group
undertaking this experiment presented lower results
than those of the men. Studies involving a larger
number of participants and longer evaluation period
should be performed to obtain more conclusive data
on muscle strength in aviator cadets.
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