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1. Introduction

In glider flying, emotional, mental, and
physical load factors are existent which
differ markedly from “pilot workload”
described for pilots of other types of air-
craft [10]. Thus, aeromedical data avail-
able from the literature may not be as-
sumed for glider pilots uncritically.

To evaluate pilot workload, time- and
event-synchronous observation of pilot
heart rate, heart rate variability or respi-
ration rate were used by many authors [9,
19, 20, 28, 29, 30, 32, for detailled lit. see
12]. In glider pilots heart rate response
on the stress of flying was evaluated by
Burchardt [3], Clasing[6, 7], and Neubert
[25]. Since the observation of heart rate
or respiration rate alone (as integral pa-
rameters of emotional stress, as well as
of physical activity) are not sufficient to
separate physical and psychological fac-
tors in pilot workload, the measurement
of various cardiac and pulmonary pa-
rameters needs to be included to permit
this analysis. Spiroergometric methods
permit measurement of oxygen uptake
and energy expenditure, and allow to
understand the cardiopulmonary regula-
tion for a given workload [15, 16].

Here, oxygen uptake is considered to
be the most appropriate physiological
equivalent of pure physical work [15].

Using portable spirometric methods,
29 glider pilots were examined during
short duration glider flights. The aims of
this study were:

(1) - to evaluate cardiopulmonary
change and regulation during glider
flights started either by winch tow or
aerotow launching;

(2) to identify the relevance of individ-
ual aerobic capacity and flight experi-
ence on cardiopulmonary regulation in
flight;

(3) to separate cardiopulmonary
changes caused by psychological and by
physical workload factors.

2. Methods

Twenty-nine male glider pilots, age
range 16 to 42 years (X = 25,7 y), were
examined. Twenty-four pilots started
their flights with winch (W) and five
with aerotow launching (F). The results
for both launch techniques are de-
scribed.

The 24 pilots (W) were grouped for-

flight experience (Table 1).

These 24 pilots ( W) were also classified
into three quantiles (tertiles) according
to their individual aerobic capacities,
identified by maximum oxygen uptake
(Vo, max) during exhausting bicycle er-
gometry (see Table 2).

Cardiopulmonary control values (rest)
were determined spirometrically in the

control period before bicycle ergometer
work.

A double-seated glider airplane (Berg-
falke IT) was employed for the flight tests
which consisted of a normal flight pat-
tern between 6 and 20 minutes in length.
The test protocol covered a preflight- (3
min), take-off- (1.5 min), inflight- (2.5
min), landing- (2 min), and postflight-
phase (3 min).

The Oxycon P spirometric equipment
(Mijnhardt) and the amplifier/tape sto-
rage system (Lennartz) were installed in
the aircraft cockpit. The pilot was con-
nected to the system through his brea-
thing mask and -hose and ECG elec-
trodes. 7

Heart rate (HR), respiration rate
(RR), respiration minute volume (Vg),
and inspiratory-expiratory oxygen dif-
ference (AO»; Fio,—F.0,) were continu-
ously recorded. Oxygen uptake (Vo,)
was calculated from Vg and AO,. All

Table1 “Group” classification of 24 pilots acc. to flight experience

Group n years cm kg total total

hours flights
GR1 7 254 181 716 11.6 61
1-25h +4.4 0] +8.3 I +40
GR 2 12 25.0 181.1 71.2 100.8 2T
26-250 h D) QL 8.3 +62.6 169
GR3 5 315 181.6 69.8 680 1260
>250h +69 +7.4 +6.4 3054 +706

Table 2 ““Quantile” classification of 24 pilots according to maximum oxygen uptake
(Vo,max). Age related nominal values were taken into consideration

Quantile | n years cm kg W/kg Vo,max/kg
1. Tertile 8 252 1814 6b.4 47 3415 520
£330 =y * 32 +04 +378 +40
2 Tertile 8 30.4 1776 701 3.9 3025 433
+57 =35 5] +0).6 +106 +3.0
3. Tertile 8 239 184.3 76.9 36 3105 40.0
2.2 +6.0 +89 +0:3 057 +1.9
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parameters were analyzed for 30 seconds
intervals (total: 24 half minutes). Energy
expenditure (EE) was calculated from
oxygen uptake for each observation
phase.

Statistical comparison of group and
quantile differences was performed us-
ing the non-parametric Kruskal-Wallis
Rank Variance analysis.

3. Results
3.1 General

Compared to control values (rest), all
cardiopulmonary parameters, except
AO,, were increased during flight, gain-
ing peak values during take-off and
landing. AO, showed only small changes
during all flight phases, countercurrent
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Table 3 Winch Towing: Changes in the cardiopulmonary parameters during short-du-

ration glider flights.
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to respiration minute volume (Fig. 1,
Table 3). In the flights started with winch
tow (Fig. 3) preflight HR and respiration
parameters were increased 50-70% com-
pared to control values (rest), but Vo,
less of 40% increase. During take-off, in-
creases of about 90% were noted in HR,
RR, and Vo,, and of about 140% in V.
The gradual decrease of values started
less than 60 seconds after take-off; in the
flight phase, HR and respiration param-
eters levelled off at about 80% and Vo, at
60% above resting values. From down-
wind leg to final landing approach pro-
gressive increase in all parameters were
observed. At touch-down maximum va-
lues were measured which were similar
to the maximum values during take-off.
Postflight data are well comparable to
preflight data. The general pattern of
physiological reactions was similar in
both launch techniques winch (W) and
aerotow (F) (Fig. 2, Table 4; Fig. 3).
While W showed more abrupt and brief
increases, Fled to a more gradual onset
of changes of the parameters which re-
mained elevated for about 2.5 minutes.

3.2 Energy Expenditure (EE) (Fig. 4)

Compared to control values (rest) pre-
flight EE was increased 30%. During
take-off and landing 95 to 100% (W, F)
increases were seen. During flight EE lev-
elled at 70% above resting values. Post-
flight and preflight data were similar.

3.3. The Relevance of Individual Aerobic
Capacity on Cardiopulmonary Function
in Flight

After categorizing the 24 pilots (W) ac-
cording to their individual aerobic ca-
pacity (Vo,max) (see Table 2), no signifi-
cant diferences in the response of the
cardiopulmonary parameters were iden-
tified during all flight phases. However,
pilots with low aerobic capacities (QU
I1I) tended to have higher mean values
in HR and respiration parameters dur-
ing take-off and landing.

3.4. The Relevance of Personal Flight Ex-
perience on Cardiopulmonary Function in
Flight

In the flight test, all pilots, independent-
ly of flight experience, showed the gen-
eral pattern of physiological reactions.
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Table 5 ““Bergfalke™ glider airplane: leg and arm forces necessary to steer the airplane
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Fig. 2 Aerotow: Synopsis of the cardiopulmonary parameters during short-duration
glider flights (mean values; standard deviations, min. and max. values are listed in Table

4).
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Table 4 Aerotow: Changes in the cardiopulmonary parameters during short-duration

glider flights.

However, during take-off and landing
the mean increases of RR, Vg, and Vo, in
highly experienced pilots (GR 3) re-
mained at lower levels than in pilots of
low (GR 1) or average (GR 2) flight ex-
perience. Group differences in Vo, and
RR were significant (p < 0.05) in all mi-
nutes from take-off to touch-down, in Vg
for several half minutes of take-off and
flight. No significant group differences
were seen in HR response.

3.5. Additional Results

Using a spring balance, the leg and arm
forces necessary to steer the aircraft were
measured (Table 5).

In a spirometric laboratory test equiva-
lent arm and leg forces produced small
but measurable changes in cardiopul-
monary parameters (Table 6).

4. Discussion

4.1 General

The uniform alterations of the parame-
ters (see Fig. 1, 2, 3) clearly demonstrate
that take-off and landing cause the high-
est stress responses within the pilot work-
load inshort duration glider flights.
Landing seems to provide slightly higher
stress than take-off. The two launch tech-
niques W and F produce similar reac-
tions in the cardiopulmonary dimension.
In addition to physical work and psy-
chological influences during W, short
duration G, and G, accelerations and the
changes in body position during climb-
out must be considered as physical fac-
tors, leading to certain alterations in the
cardiopulmonary parameters [1].

During Fno positional or acceleration
components are identified, but here the
physical work necessary to steer the air-
craft is considered higher than in W, due
to a higher airspeed behind the towing
aircraft.

During flight and landing physical
work is estimated as rather low.

The increase of all parameters during
landing is caused primarily by mental
and emotional stress factors.

Elevated values pre- and postflight
can be viewed as anticipatory stress and
slow discharge of emotional load.

Referring to the literature our results
demonstrate that glider pilots have
slightly higher respiration rate (RR) [2,
9, 19], heart rates (HR) [14, 19, 28, 29, 30,
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Table 6 Laboratory test simulating arm and leg forces necessary to steer the test glider

airplane (X)
Ve Vo AF
(I/min) (ml/min) (min=1)
Rest (n=4) 79 248 12
Arm work
static 10 kp 13.8 439 20
3rd minute (n=4)

HALF-MINUTE
109 3% 4 5.6 7 8 8 10 01 T2 1% 14 15 4617 18 19 2021 22 B

24

AERO-
TOW
N =
b MK
v
(l/lﬂlgl) nl”
X
)M
N =
" FAX
(min ) H[N
b
spt
Ho=
HR HAX
(min~ ) MK
1 X
| so!
. IN 7
v, | max
, M
(ml/min, "X

Tl e e S ST IS s e eI /S NS B I -

3 Q1 25 19 35 24 39 5 SH 43 40 53 34 48 32 59 87 0 S B I3 P D

g oM TR e et Dl sns B B g S 0508 6 gl iy 40 3 L2
26 24 28 26 24 34 32 46 38 40 38 36 34 34 37 37 40 40 24 22 24 22 18
20 22 18 18 22 24 24 27 22 26 21 25 20 18 24 20 28 28 20 16 16 14 16
237 230 233 230 23D 280 278 338 298 316 294 306 274 272 29% 29B 324 332 25 198 195 173 17D
4 14 50 35 12 37 30 88 § 6173 96 65 63 52 69 6L 3% 26 M @ I

Tt a i g gt ol T | g 6 5 B h T Bk B oGy AIETAET
99 106 113 113 131 134 136 138 153 141 139 141 136 136 145 163 156 145 127 114 115 122 92
92 90 9 88 85 104 104 108 100 108 105 110 110 101 106 114 120 120 102 83 85 80 79
9u 99 106 102 108 115 123 125 127 126 123 125 120 118 126 135 134 131 112 99 99 99 86
4 8 9 12 16 12 13 19 22.15 15 13 14 16 16 21 16 12 13 12 12 17 §

Sk s LSl Bl 5 B 6 g (s 6 B fs T B 3 3. 200

| sp*

2

216 180 211 205 235 233 242 3u3 332 312 284 32,.:5 260 284 255 328 37 367 249 211 157 165 147 125
156 178 161 165 158 174 145 191 205 205 176 198 178 165 187 174 216 249 119 130 &5 88 128 106
180 179 188 183 197 204 182 248 242 237 220 2uf 208 200 215 228 269 278 185 155 131 124 138 116

13

2
16
14
15
14

2
a1
76
84
11

1]

585 457 536 538 452 554 677 709 683 722 716 859 670 562 601 352 747 773 435 429 450 397 360 296
307 330 337 272 307 369 353 468 539 498 401 4S5 383 370 408 680 357 532 385 330 299 277 360 296
403 394 420 387 413 446 4U6 585 619 601 551 575 493 U6Y 516 505 568 642 418 385 353 337 360 296
158 90 104 120 71 83 132 89 64 83 119 168 106 76 93 118 141 120 29 50 84 85000 000

Fig. 3 Percentage changes of respiration minute volume (Ve), oxygen uptake (Voz),

-and heart rate (HR) under flight stress (short-duration glider flights).
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Fig.4 Energy expenditure of glider pilots during flights launched by winch towing (/)
and aerotow (F), compared to caloric cost of different pilot groups flying other types of

aircraft (right side; results compiled from literature).
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33, and respiration minute volumes (V)
[8, 11, 23, 24, 27] than pilots of other air-
craft, but in most of the quoted studies
highly experienced professional pilots
were examined.

Continuous measurement of oxygen
uptake of pilots during real flight has not
been previously reported. The results of
other authors, who had evaluated oxy-
gen uptake by collecting expiratory air
samples in Douglas bags, are compar-
able[4, 8, 17, 21, 22, 23]. On average, our
results are about 10% higher (see Table
7.

The changes of parameters under the
stress of flying are remarkable; during
take-off and landing in average Ve and
Vo, reach 20%, but HR and RR about
70% of individual maximum values
gained by exhaustive ergometer work.

Under flight stress the increase in res-
piration minute volume ist caused by the
increased respiration rate with tidal vo-
lume practically constant. Mean AO,
shows only small changes during all
flight phases; thus oxygen uptake paral-
lels the increase of respiration minute
volume. The cardiopulmonary param-
eters measured here are closely correlat-
ed. With multiple linear regression, us-
ing respiration rate and respiration mi-
nute volumeas independent variables,
oxygen uptake (z) can be predicted by
the formula (12 = 0.93):

z=1175+1543x+949y
(x=Vg y=RR)

The regulation of the observed cardio-
pulmonary parameters under flight
stress is different from the adaptation
seen in the onset of a comparable pure
physical workload (50 Watt). In ergome-
try, oxygen uptake changes are accom-
panied by significantly lower values of
Ve, RR, and HR, following certain rules
of cardiorespiratory economy [15, 16].
The excessive increase in Ve, RR, and
HR, seen during all flight phases, is the
expression of the psychological load
added to physical load factors (Fig. 5, 6,
. '

The absolute amount of oxygen up-
take seen in all flight phases cannot be
explained alone by the amount of physi-
cal work necessary to steer the aircraft
(see Tables 5 and 6). Parts of the oxygen
consumption must be attributed to an in-



crease in muscle tone due to psychic ex-
citation [8]. Furthermore, additional
oxygen uptake is needed for the overpro-
portional increase of ventilation.

In some of our pilots, the marked re-
sponse of the ventilation parameters dur-
ing take-off and landing, far beyond the
requirements of piloting, lets us assume
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Fig. 5 Heart rate (HR) and oxygen uptake (Vo./kg)-relationship during take-off
(winch towing) and, in comparison, during onset of ergometer work (50 Watt),
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Fig. 6 Respiration minute volume (V&) and oxygen uptake (Voa/kg)-relationship dur-
ing take-off (winch towing) and, in comparison, during onset of ergometer work (50
Watt).

the presence of hyperventilation, often
described as hazardous to flight safety [2,
3, detailled lit. see 11]. Hyperventilation
of 30-40 I/min as seen in some of our pi-
lots, can lead to considerable decrease of
cerebral perfusion [18]; psychomotor
performance may be reduced and reac-
tion time be prolonged [34, see 11]. Fur-
ther investigation is necessary in this
field.

In several of the test subjects heart rate
values above 160/min during take-off
and landing depict a remarkable cardio-
vascular load, showing that heart rates in
presumably healthy individuals can
reach values in the neighborhood of age-
related maximum heart rates. We there-
fore emphasize the necessity to carry out
an exercise stress test as part of the pilot
medical examinations, sufficient to in-
duce a heart rate response at or above
70% of age related nominal maximum
values.

4.2 Endurance Training and Cardiores-
piratory Function Inflight

A great number of pilots who participate
in competition or performance gliding,
conduct many forms of endurance train-
ing. Yet it is not known whether im-
proved aerobic capacity provides any
advantage in the stress adaptation to fly-
ing. According to Wegmann [35] who
tested the effects of improved aerobic ca-
pacity on several forms of stress, the ad-
vantages of endurance training are not
transferable to stresses other than physi-
cal work. This is supported by SARI-
JAVIU (1971) [31] who did not find dif-
ferences in catecholamine excretion in
aerobatic pilots before and after endur-
ance training. The results in our study
support the conclusion that improved
aerobic capacity (by endurance training)
does not play a measurable role in the
cardiopulmonary adaptation to the
stress of flying. This statement can be ap-
plied only to short-duration flights; the
value of improved aerobic capacity with
regard to the complex of «fatigue», ap-
parent in long-duration flights, needs
further investigation.

4.3 Flight Experience and Cardiorespira-
tory Function Inflight

According to the literature personal
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flight experience influences inflight
heart rate response in a favourable way
[see 12]. Our results confirm that the car-
diopulmonary parameters measured
here are similarly influenced by flight ex-
perience. Respiration rate is found to be
the most sensitive parameter to identify
differences between pilot groups of dif-
ferent flight experiences. However, heart
rate, used by many authors as the single
criterium to evaluate pilot workload,

was not appropriate to discriminate pilot
group differences in our experiment due
to the high interindividual dispersion of
values.

5. Conclusion

Glider flying stress induces marked car-
diopulmonary reactions. Take-off and
landing are identified as peak stresses.
The observed physiological reactions are

due less to the physical work of handling

-
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Fig.7 Respiration rate (RR) and oxygen uptake (Voz/kg)-relationship during take-off
(winch towing) and, in comparison, during onset of ergometer work (50 W).

AUTHOR PREFLIGHT TAKE-0FF  INFLIGHT LANDING

ml/min ml/min ml/min ,ml/min
V02 VO2 V02 VOZ

KarpovicH 1946

-SIMULATOR 356

LiTeLL 1969

-HELICOPTER 330 420 320 390

-PROP, PLANE 360 530 400 500

BrrLines 1970

-HELICOPTER 420 540 460 540

OWN DATA

- 387 + 33 561t 16 -~ 481 T 76 562 * 43

-F 415 * 24 NGRS, 558"t 63

Table 7 Oxygen uptake (Vo,) measured in pilots of different classes of aircraft (re-
sults compiled from literature and own data).
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the aircraft, but more to psychological
stress. Increase of oxygen uptake is part-
ly caused by an isometric increase in the
muscle tone. Although glider flying is
considered as light physical work (<25%
of Vo,max), glider pilots seem to have
slightly higher workloads than pilots of
other aircraft types. Psychophysiological
workload is similar in the two launch
techniques Fand W. Improved aerobic
capacity through physical endurance
training shows no clear advantage in car-
diopulmonary system’s responses during
short duration glider flying. Personal
flight experience plays a perceptible role
in the adaptation to the stress of flying.
Cardiovascular load and hyperventila-
tion are identified as items of special
aeromedical interest.
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