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Introduction

The leading cause of serious or fata injury in survivable helicopter accidents is contact
between personnel and cockpit structure (Shanahan and Shanahan, 1989). A cockpit air-bag system
(CABS) is currently under development for use in the UT-1-60 Black Hawk as a supplemental
restraint system. The deployment of CABS during a crash sequence is projected to reduce the
incidence of fatdities due to head and upper torso trauma by up to 23% (Shanahan, Shannon, and

Bruckart, 1993).

Cockpit airbag research and developmenta efforts have been conducted by severa
organizations within the U.S. Army. In-house research and development efforts were initiated by
the U.S. Army Aviation Applied Technology Directorate (AATD) in early 1988 and the U.S.
Army Aeromedica Research Laboratory (USAARL) later the same year. The AATD effort
resulted in a Smal Business Innovative Research (BIR) award in August 1989 to Simula, Inc., to
conduct a paper andyss and develop a conceptua design. In Phase 11, the working system was
demongtrated in two AH-| fusdage crash tests (Bark and Zimmerman, 1995). In 1993, USAARL
conducted a study that concluded that CABS ingalation could potentially reduce aviator fatdities
by 23% and non-fatal injuries by 50% (Shanahan, Shannon, and Bruckart, 1993) (Alem et 4.,
1992). Results were briefed to the Joint Aeronauticdl Commanders Group (JACG) in August
1993, which directed that the Army assume lead responsibility for the development of the Joint
Cockpit Airbag System (JCABS). These findings and others resulted in a Phase |11 SBIR contract
in 1994 to complete advanced development and produce a CABS demongtration on the UH-60
helicopter. The CABS program has now reached the find stages of engineering and

manufecturing  development.

Ensuring correct function of the CABS in a crash is of obvious importance. Another
important condderation is minimizing the likelihood and consequences of inadvertent ar-bag
deployment. Although enginearing analyses predict an infinitesmal chance of such an event,
safety practice demands that the potential outcomes of inadvertent deployment be andyzed
nonetheless.

Of prime concern in inadvertent CABS deployment is the potentid for pilot incapacitation
due to arbag-related injury or other interference with arcraft control. Experience with automotive
arbags clearly indicates that injury is more likely when the occupant is out of ided postion,
especialy when body parts are placed in proximity to the airbag module (Shanahan, Shannon, and
Bruckart, 1993). The aviator in a relaxed flying posture is rdatively far from the CABS module
(and therefore safe), but it is reasonable to suspect that in the course of performing their flying
tasks, aviators move various body parts in proximity to the airbag module. Should the CABS
deploy at these times, the occupant would be at increased risk of injury.

The purpose of this study was to estimate the proportion of a typicd misson that UH-60
aviaors extremities are “out of pogtion” and therefore potentidly at increased risk of injury in the
event of CABS deployment.



Methods
Subjects

As part of an unrdated 11995 sudy (Wildzunes et d., 11999), numerous aviators were
videotgped while flying a UH-60 flight smulator (Figure 1). Sx of these smulaor flights (12
ubjects) were randomly sdected and made up the sample for the present sudy. None of the
aviaors were aware of being recorded. Since informed consent was not required for the 1995
sudy, none was required for this Sudy.

Videos and andyss

Altogether, ax I-hour flights were sdected for andyds three in VR (visud flight rules)
conditions and three in IFR (indrument flight rules) conditions The VIR flights condgted of nap-
of-the-eath (NOE), contour and low levd flight. Various emergency procedures were dso
implemented during the flights For the purposes of andyds the “pilot” was the person flying the
arct a that paticular time regardless of sedting postion, and the “oopilat” was the
nonflying crewvmember.

Evary time a subject gopeared to move outdde the reding “flight” pogtion (i.e, dtting in the
cockpit with hands on the contrals or in the lgp), the nature and destination of the movement was
recorded on a data sheet. Additiondly, the time spent “out of pogtion” was recorded in seconds
All videos were reviewed and scored by the same ressercher for conastency.

Sigmastat®(SPSS Corporation, 1997) was usad to conduct a threeway andyss of variance
(ANOVA) on the frequency counts of reeches to the various cockpit consoles. The three factors
were duty (pilot, copilat), visud condition (VFR, IFR), and console (forward, overheed, and
center). The data were trandormed prior to andlyss (I/x) to achieve a normdly digributed deta
st Sgnificant results from the ANOVA  were further andyzed usng an gopropriate pairwise
multiple comparison procedure (Tukey Test).

Reaults

The reach frequency data are presented in Teble 1. Overdl, most reaches were to the center
console (216 or 55.8%), followed by the overhead (94 or 24.3%) and forward consoles (77 or
19.9%). A threeway ANOVA on reech frequency (duty x visud condition x console) reveded
man efeds for dl three variddes examined: duty (F(1,24)=14.68, p<0.00l), visud condition
(F(1,24)=6.20, p=0.02), and console (F(2,24)=11.67, p<0.00lI), but no sgnificart interactions
Posthoc tedts reveded that copilots reeched more frequently then pilots did, reaches occurred more
frequently during IFR flight then during VR flight, and the center console was reached for more
frequently than the front console or the overhead console (Fgure 2).



Figure 1. UH-60 flight simulator instrument panel
showing the lower and forward consoles.

Table 1.
Frequency of reaches during 1-hour flight.
Pilot Copilot
Condition Flight # Forward Overhead Center Forward Overhead Center
1 3 5 12 7 5 22
VFR 2 4 6 8 4 9 12
3 7 6 5 7 4 13
Mean 4.67 5.67 8.33 6.0 6.0 15.67
1 3 4 9 18 12 47
IFR 2 6 5 12 6 21 26
3 5 8 16 7 9 34
Mean 4.67 5.67 12.33 10.33 14.0 35.67
Total # reaches 28 34 62 49 60 154

Note: Table entries represent the number of reaches per 1-hour flight.




[Overhead Console: 24. 3%

|Forward Console: 19.9%

-

Figure 2. Proportion of reaches to the three consoles studied.

Table 2 presents the average dwell time per reach for pilot and copilot over the course of the
1-hour flight. There are no apparent differences in dwell time between crew position or flight
condition.

Table 2.
Average duration of reach during 1-hour flight for pilot and copilot.
Condition Flight # Pilot Copilot

1 3.5 5.0

VFR 2 4.2 3.5

3 2.5 4.0

Mean 3.5 4.2

1 3.0 2.8

IFR 2 3.5 2.6

3 2.5 4.0

Mean 3.0 3.1

Note: Table entries represent the average duration (dwell time) of the reaches
counted within visual condition and duty position.

By multiplying the mean number of reaches (Table 1) by the mean reach duration (Table 2),
the total time spent “out of position” can be calculated (Table 3). Expressed as a percentage of the
1-hour flight, crewmembers’ total reach time ranged from 0.39% to 3.1%, depending on flight
condition, duty, and console.



Table 3.

Average total reach time during 1-hour flight.
Pilot Copilot
Condition Console Forward | Overhead | Center All | Forward | Overhead | Center All
VFR Time (sec) 16.3 19.8 29.1 65.2 25.2 25.2 65.8 116.2
% A5 .55 .81 1.81 .70 .70 1.83 3.23
IFR Time (sec) 14.0 17.0 37.0 68.0 32.0 43.4 110.6 186
% .39 47 1.0 1.9 .89 1.21 3.07 5.17

Note: Total Reach Time = mean number of reaches to each console (Table 1) x mean duration of reach (Table 2).
Data in the “All” consoles column represent the sum of reach times to the three consoles. The percentage of
time spent reaching during a 1-hour flight (% row) = Total Reach Time / 3600 sec x 100.

Discussion
General

In the six flights reviewed, the total proportion of time spent by either pilot reaching for
various control consoles ranged from 1.8% to 5.2% of the flight (Table 3). Copilots in IFR flights
spent the greatest proportion of their time reaching, and pilots in VFR conditions the least.
Although the greatest proportion (55.8%) of reaches overall were to the center console (Figure 2),
the inboard location of this panel is the furthest from the airbags (of the three reach areas studied),
and is least likely to expose the extremity to risk of injury (Figure 3). However, reaches to the
center console can place the chest in proximity to the airbag module, potentially increasing risk of
thoracic trauma. Reaches to the forward and overhead panels are more relevant to extremity
injury; combined, these dwell times varied from 1.0% to 2.1% of the flight. Here again, copilots
in IFR conditions accounted for the greatest proportion of “out of position” reaches.

Figure 3. Reaching for the center console.
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These reaults are important to safety andlyses of the UHE60 CABS, as there gppears to be a
donificant posshility of occupant injury if the airbag should deploy into an extended extremity.
The dedgon whether a 2.1% chance of the arcrew’s upper extremity bang in a vulneradle
podition is excessve or nat is a matter for the aviaion ssfety community to decide

These data could dso be useful to accident investigators who may be interested in location of
extremities & the initigion of an accident ssquence (eg., in determining the cause of an am
fracture).

Sudy limitaions
There are severd limitations to this brief retrogpective sudy:

Hrd, extremity movements to only the three oedified zones were induded. This ignores
rardly occurring reaches to other aress (eg., scratching the face, picking up a penal from the
floor), that would undoubtedly be hazardous in the event of CABS deployment. Also, it is well
known that some UH-60 pilats rest their am by grasping an overhead handgrip that puts the am
in danger of airbag contact (Figure 4) but none of the pilats in this Sudy adopted this posiure
(Ore pilat known to the authors regts in this pogture for long periods of time when nat on the
controls))

Saoond, this dudy examined a wide vaiety of operationd VFR and IFR flight conditions but
did not indude other important flight regimes such as night or NVG flight. 1t is likdy that pilot
am movaments would vay in thee environments

Third, by redricting the andyss to extremity movements other aviaior activities that might
put the occupants a risk for ar-bag injury were not consdered. For example, the “helicopter
hunch” posture places the crewmember’s torso doser to the front ar-bag module, and turning the
head to look out the 9de window, as in dearing the araraft for a turn, puts the face in proximity to
the laterd airbag module



Figure 4. Resting position favored by some UH-60
pilots, but not encountered in this study.

Conclusions

In this brief study of simulated IFR and VFR flight, UH-60 pilots spent between 1.8% and
5.2% of flight time reaching with an upper extremity for various cockpit consoles, depending on
the flight condition. The highest exposure levels occurred to the non-flying pilot in instrument
conditions, and the lowest to the flying pilot in visual flight conditions. Despite limitations to this
retrospective simulator study, these results will be useful to those calculating the risk of extremity

injuries in inadvertent airbag deployment scenarios.
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