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Qualified requesters may obtain copies from, the Defense Documentation
Center (DUC), Cameron Station, Alexandria, Virginia. O-ders will be
expedited if placed through the librarian or other person designated
to request documents from DDC (formerly ASTIA).
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The findings in this report are not to be construed as an official
Department of the Army position unless so designated by other authorizedj documents.

The products and equipment referred to in this report are not to be
considered as an endorseaient by the author or the Department of the
Army.
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SUMMARY

The US Army helicopter and fixed wing aircrewman is required to
utilize advanced operational flight concepts for the modern battie-
field such as nap-of-the-earth (NOE) and night nap-of-the-earth (NNOE)
techniques and night vision devices (NVD). These techniques have in-
creased the stress/workload level for the aircrewman. lo clinically
assess these effe:;-s during actual flight operations, simple monitoring
techni ues are required. The use of inspiratory minute volume (IMV)
determinations was selected. The data collectec defined the aircrew-
rman's perception of t, type aircraft and the threat of operational
flight requirement. AGditionally, the data supports studies by the
US Amy Aeromedical Research Laboratory (USAARL) to define accurate
cxygen design standards. IMV was demonstrated to be increased three-
fold under NOE, NNOE ard with the use of NVD. Refinement of the
technique with the addition of other physiologic and biochemical data
collection is ongoing.
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USE OF INSPIRATORY MiNUTE VOLUMES IN EVALUArION
OF ROTARY AND FIXED WING PILOT WORKLOAD

BACKGROUND

The operational employment of US Army helicopters and fixed wing
aircraft in the high intensity air defense environmernt has required
the development of advanced flying techniques. Day nap-of-the-earth
(NOE), night nap-of-the-earth (NNOE), and night vision devices (NVD)
have added markedly to the workload of the aircrew.

During oxygen utilization studies, analysis of inspiratory minute
volunm (IMV) data indicated significant trends dependent or flight pro-
files. To further evalLate this method as an indirect aid simple modality
in the assessment of stress and workload, a study of IMV during varied
helicopter and fixed wing aircraft flight profiles was unidertaken. The
term IMV is utilized fzr si...licity in place of the usual pulmonary func-
tion notation ýI.

MATERIALS AND METHODS

Data was obtained fromn a series of 135 flights of OH-58, UH-lH, and
AH-l helicopters and U-21 and C-7 fixed wing aircraft. Four phases of
the flight were elaluated--runup (R.U.), takeoff (T.O.), cruise (C), and
final approach (F.A.). The helicopter flight profile was evaluated undei
normal flight, NOE, NNOE, and NVD. Thirty (30) subjects wore standard
US A•my A-13A oxygen masks corrected to a portable Mueller respirometer.
Photograph A illu3trates the respirometer and A-13A oxygen ma,.k worn
ambulatory prior to flight. Photograph B demonstrates the position of
respirometer and hose for the aircrewmemb !. Inspiratory minute volumes
obtained in liters per minute (LF-'1) were corrected to NTPD, normal
temperature (70'F), pressure (760 Torr), and dry. Barometric pressure
was obtained by on-board barometer accL-iate to 0.5 Torr. The volume of
inspired air was measured throughout thL period of time in each phase
of flight. The longer phases are cruise and during NOE, NNOE, and NVD.
The minimum period for any sample was 10 minutes. Temperature of in-
spired air was determined by standard thermometer intrinisic to the
1Mueller respirometer.

RESULTS

Fixed Wing Data (U-21. C-7). The 1MV data from evaluation of fixed
wing-TTT-t profiles is provided in Table I.
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TABLE I

FIXED WING INSPIRATORY MINUTE VOLUME (NTPD)

U-21
Flight -

Condition R.U. T.O. C. F.A.

Mear, 6.82 10.21 8.19 14.19

NORMAL S.D. 2.44 0.93 3.36 9.30
FL IGHT

Range 5.10.- 9.65- 3.63- 3.11-

8.55 10.77 12.79 34.06

1_- -. -_____ I___ - I_

C-7
Fl'ight

Condition R.U. T.O. C. F.A_ 1

NORMAL S.D. 4--- 0.32
FLIGHT

Range --- --- 8.06-
8.51

NOIE: R.U. - Run-Up F.A. - Final Approach
T.O. - Take Off S.D. - Standard Deviation
C - Cruise

Table I demonstrates the IMV response to the flight profile. Of note
is the increased IMV at takeoff and final approach for fixed wing aviators.

Rotar Win Data uOH-58 UH-lH, AH-1). The IMV data from flights of

three•-Becopter types un er our mission profiles is shown in Table II.

DISCUSSION

The rotary wln9 IMV demonstrates the aviator's perception of his air-
craft and mission profile threat. The highest threats perceived are the
nap-of-the-earth profiles and the night vision devices.
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TABLE It

ROTARY WING INSPIRATORY MINUTE VOLUMES (LPM, NTPD)

._ __UH-IH
flight R0CA
Condition R.U. -TO. C T F.A.

SMean --- 11.59 10.95 10.7?

ROUTINE S.D. 0.75 0.47 3.24

Range --- 11.06- 10.48-- .. . 7.04-
12.12 11.42 13.14

Mean 12.61 16.23 20.05 7,71

I , .. L... --- I ,I . 1: 1 4.• tIu.• ý0 1 1.0

Range --- 1.11- 14.81- 17.56- 8.15-

25.37 22.22 21.41 10.45

Mean ...--- 11.88 21.45 17.20

NNOL S.D. --- ... 2.13 7.054 1.75

Range --- --- 9.44- 13.15- 15.96-
14.16 32.66 18.94

Mean --- 18.20 --- 34.51 38.11

NYD S.D. --- 0.33 --- 0.71 0.94

Range --- 17.91- --- 33.69- 37.13-
18.67 34.92 39.01
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OH-53
ni i ght - --
Condition R.U. T.O. ] C T F.A.

Mean 9.67 9.06 9.19 9.32

ROUTINE S.D. 3.12 2.95 3.03

Range 6.30- 7.31- 5.13- --- 7.56-
19.67 18.96 lu.2 2  12.83

AH-I G
Figh.t I __- I .

Condition R.U. T.O. C T FA.

Mean --- 15.97 15.17 14.49 15.73

NOE S.D. --- 3.39 5.38 4.72 2.06

Range --- 12.23- 11.37- 10.89- 13.34-
18.84 18.98 19.14 17.08

NOTE: R.U. Run-Up T - Threat
T.O. 'Take Off F.A. = Final Approach
C Cruise S.D. = Standard Deviation

The US Army aviator's perception of hs aircraft is reflected in his
IMV. The phase of flight evaluated produces a wide range of response
from the bhseline IMV. Fixed wing aircraft (U-21 and C-7) studied during
routine flight operations indicate takeoff and final approach for landing
are the periods of greatest stress or wnorlload. This finding is in con-
sonance with that of the USAF and LISM.' The IMV obtained exceeded the
current US military desiqn standard of 13.12 LPM NTPL) for oxygen systems
during the final approach. 2

During rotary wing flight, the two primary variables affecting IMV
are the type helicopter and mission profile. Figure 1 illustrates the
data in grdphic fonnat. The AH-IG Cobra gunship is perceive ' as a
"constant" threat under the NOE flight profile. The IMV remains an
approximate constant of 15 LPM NTPD throughout all phases of flight.

The OH-58 and UH-lH during a routine flight profile demonstrate an
essentialy stable IMV at expected levels of 9 to 11 LPM NTPD. The Ariy
aviator exposed to the threat and workload of NOE, NNOE or NVD profiles
demonstrates significant increase in his IMV. During NOE and NNOE in
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the UH-lH, the IMV is increased twofold. The use of the NVD in. the UH-lH
provides extreme values for 1MV throughout the flight profiles. A three-
fold increase (35 1PM NTPO) occurs in cruise and final approach phase
whille using the NVD.

Interestingly, the f-inal approach phase of day NOF in the UH-lH is
viewed as a release from threat or stress as evidenced by a decrease in
IMV to less than baseline levels. With use of the NVD, final approach
is perceived as an extreme stress as indicated by the threefold increase.
This finding supports the use of in-flight IMV determinations te dif-
ferentiate aircrew workload from workload and stress/threat conditions.

The values of IMV obtained under, the increased stress of NOE, NNOE
and NVD far exceed the cut-rent oxygen design standards. Comparison of
tne mean values of 20 to 38 1PM NTPD (22.5 to 42.6 1PM BTPS) obtained
ir. this study to the USN standard of 23.7 LPM BrrS and the USAF value
of 25.1 1PM BTPS demonstrates the limitations of present US military
oxygen design standards.'-'

The IMV values provide the initial estimate of the level of aircrew
stress involved in current helicopter operations.

CONCLUsIoNS helicopter operations under the advanced operational con-

cepts of nap-of-the-parth, night nap-of-the-earth flight, and the use
of night vision devices has been evaluated by the use of inspiratory
minute volume determninations. The IMV obtained during NOE, NNOE and
NYD is increased threefold demonstrating the aviator's perception of
the increased stress and/or threat. The IMV data obtained in the routine
flight of US Arm~y fixed wine aircraft is consistent with the USAF and
USN data documenting the stress and increased work~load during takeoff
and landing. Use of 1MY is considered a valuable tool in the clinical
assessment of aircrew stress and workload. Study of IMV in conjunction
with dynamic electrocardiography is ongoing to provide the research data
base for helicopter stress/workload evaluation.
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