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SUMMARY PAGE 

THE PROBLEM 

The lack of man-referenced flight motion data to describe the vestibular-significant 
f l ight forces encountered in Army helicopter operations. 

FINDINGS 

Presentation of low-frequency triaxial linear acceleration and triaxial angular velo- 
city flight data collected on a noninterference basis in seven different military helicop- 
ters performing various flight maneuvers. 
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I NTRODUCT I0 N 

In the fl ight environment man's visual perception of  his own motion and attitude 
in space i s  dependent upon the availabil ity of some external geographical landmark or 
feature for measurement reference. When these features are clearly observable without 
illusory artifact, he encounters l i t t le diff iculty in maintaining control of his spatial ori- 
entation. In the absence of such visual references man's vestibular system and related 
nonvisua I sensory processes become the predominant source of information for spatia I 
perception. The information provided by these nonvisual receptors is, in the normal 
terrestrial environment, usually quite adequate to define the instantaneous spatial ori- 
entation of an individual. In the airborne environment, however, these sensing mech- 
anisms are exposed to flight forces and torques which can produce illusory sensations of  
spatial orientation that are in complete conflict with the actual motion or attitude of the 
aircraft. In a l l  cases the exact form of these erroneous responses i s  dependent upon the 
magnitude and anatomical orientation of the resultant f l ight accelerations. Before the 
vestibular f ield can make applied or operational contributions to the understanding of 
the form, magnitude, and direction of  these illusory responses, measurement data which 
describe quantitatively the resultant linear and angular motion characteristics of a given 
aircraft environment must be made available. However, as has been stressed in an 
earlier report (3) on a kinematics based nomenclature for vestibular stimuli, the measure- 
ment data must be referenced to selected morphological coordinates of man, rather than 
to the coordinates of  some vehicle or device, i f  directly relevant descriptions of motion 
stimuli are to be achieved. 

In this light, we initiated a measurement program on a joint basis with the U. S. 
Army Aeromedical Research Laboratory (USAARL) to collect such man-referenced flight 
motion data in the military helicopter environment. To implement this program a low- 
cost instrumentation system was developed that could be instal led on a noninterference 
basis in various U. S. Army helicopters and used to record the low-frequency triaxial 
linear accelerations and triaxial angular velocities encountered in flight. The technical 
considerations, measurement philosophy, and design cirteria involved in the development 
of  this system have been described in two previous reports (1,  2). Upon completion and 
flight test of  the system i t  was installed in a variety of currently operational military 
helicopters, and flight data were collected during selected aircraft tactical maneuvers 
as well  as routine flight operations. In addition, a second instrumentation package of  
identical form was constructed, flight tested, and delivered to USAARL to facilitate 
their continuing assimilation of  such flight data. This summary report presents sample 
excerpts of the triaxial motion data collected to date in seven different helicopter types. 
It is  the intent that these preliminary data w i l l  provide vestibular workers an introduc- 
tory familiarization with the general characteristics of selected helicopter force environ- 
men t s  . 
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I NSTRUME NTAT 10 N 

The instrumentation system developed for the collection o f  the helicopter f l ight 
motion data presented in this report contains a1 I transducers, signal-conditioning ampli- 
fiers, recording equipment, and battery power sources necessary to measure and record 
the following: the triaxial linear accelerations of  the aircraft occurring along i t s  roll, 
pitch, and yaw axes; the triaxial angular velocities occurring about the same axes; and 
descriptive voice annotation of  the in-progress flight maneuver or operation. Since the 
project priority was such that a l l  flight data had to be collected on a complete noninter- 
ference basis, the system was designed so as to be self-contained and self-powered in a 
single package, thus requiring no structural modifications, instrumentation services, or 
power demands from the aircraft itself. 

To facilitate interpretation of the flight records presented in the report a brief 
review of the technical characteristics of the main elements of the system follows: The 
linear acceleration measurement data were collected by means of  three hermetically 
sealed, gas-damped, linear accelerometers (Humphrey Inc., Model LA45) with potenti- 
ometer readout. Each transducer had a full-scale range of  *2  g ,  a natural frequency of  
22 cps, and a damping ratio between 0.6 and 0.7. The three angular velocity transdu- 
cers were dc-operated, gimbal less rate gyros (Humphrey Inc. Series RG-28), with poten- 
tiometer readout, a full-scale range of * 100 deg/sec, a natural frequency of 25 cps, and 
a damping ratio of  0.7 zt 0.2. The output signals from these transducers were separately 
routed to six solid-state dc operational amplifiers (Philbreck Inc., Model P25C) which 
provided the gain and impedance matching necessary to drive the system recorder. A 
6 db per octave RC fi lter rolled off each of these amplifiers at 100 cps. In-flight storage 
of the motion data was by a 7-channe1, magnetic tape instrumentation recorder (Lockheed 
Electronics Co. Model 417D) ut i l iz ing the standard IRlG format on 1/2-inch tape. Using 
FM type record electronics and a tape speed of  7 1/2 ips, the frequency response of each 
recording channel extended from 0 to 2,500 cps. Voice annotation was on a separate 
edge track. The capacity of the system batteries was such that f l ight data could be col- 
lected continuously for intervals extending to 90 minutes. For this particular study the 
system was packaged in a near cubical configuration measuring approximately 16 inches 
on each side. A photograph of the package taken immediately before installation in an 
AH-1G "Huey Cobra" i s  shown in Figure 1.  

PROCEDURE 

A photograph taken during the preflight checkout o f  the instrumentation recorder 
installation aboard an OH-6A "Cayuse" observation helicopter i s  shown in Figure 2. 
With the exception of the AH-1 G "Huey Cobra" and the CH-54 "Flying Crane, I' the 
instrumentation system was hard mounted to the deck in the forward pilot compartment 
immediately adjacent to the pi lot seat. In the AH-1G the system was installed in the 
forward copilot seat of  the aircraft. The ventilated seat cushions and seat armor plates 
were removed and replaced by a 1/4-inch thick aluminum plate aligned with the hori- 
zontal reference plane of  the aircraft. The base of the instrumentation package was then 
bolted directly to this plate. In the CH-54 the package was installed in the aft pi lot 
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Figure 1. View of AH-1G "Huey Cobra" showing relat ive size of  f l ight recorder system. 

Figure 2. View of OH-6A "Cayuse" showing installation o f  f l ight recorder immediately behind pi lot seat. 
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compartment at  the request of the aircraft pilot. In a l l  cases, the orthogonalx, y, and 
2 axes of sensitivity of  the transducer assembly were aligned with the roll, pitch, and 
yaw axes, respectively, of the aircraft. 

Upon completion of the installation in a given aircraft, the only request made to 
the pilot was that he f ly a series of  standard operational maneuvers he thought would be 
"typical" for the aircraft. Interestingly, almost without exception, the pilots said that 
they would f ly  maneuvers typical to "Stateside operations'' but not typical to "Viet Nam 
operations. I' They would then explain that in many combat situations, they would per- 
form evasive maneuvers involving high bank angles and turn rates that they would never 
repeat in a noncombat situation. 

RESULTS AND DISCUSSION 

Selected excerpts from the in-flight magnetic tape recordings made aboard seven 
different helicopters are presented in Figures 3 through 62. The basic nomenclature (3) 
and the display format used for a l l  these records are as follows: The top three measure- 
ment channels describe three mutually orthogonal components o f  the instantaneous result- 
ant linear acceleration of  the aircraft at the site of  the transducer package; these com- 
ponents are identified as 4, %, and A, where thex, y, and z subscripts denote the 
roll, pitch, and yaw axes, respectively, of  the aircraft. Accordingly, 4, %, and A, 
describe the instantaneous linear acceleration of  the aircraft in the fore-aft, port- 
starboard, and vertical directions, respectively. The bottom three measurement channels, 
identified as %, L+, and &, describe the instantaneous angular velocity of the aircraft 
in terms of  i t s  components acting about the same three axes. The direction or polarity 
conventions used to display these kinematically described linear acceleration and angular 
velocity components are summarized in Table I where the positive sense derives from +x 
being directed forward, +y leftward, and +z ceilingward. Time-base reference i s  estab- 
lished at the bottom of each record by means of  l-second timing pulses. 

Magnitude reference for the six measurement channels i s  given by the calibration 
marks placed at the left of each display, along with the related plus and minus polarity 
conventions. For each linear acceleration channel the signal magnitude i s  expressed as a 
multiple o f g  = 32.174 ft/sec2. The center horizontal line of  the A, channel corresponds 
to a linear acceleration level of +1 .Og , while the same center reference for the PS, and 
4. channels corresponds to a 0.0-g level. This gives a more optimal display of the A, 
data as a result of  the 1 .O-g contribution of  gravitational action that, in most cases, i s  
directed along the +z aircraft axis. It should be noted, however, that although the A, 
baseline i s  displaced relative to the h a n d  % channels, the same full-scaleg range i s  
used for a l l  three channels. In the three angular velocity channels the measurement units 
are degrees/second, with a l l  three channels having the same display sensitivity. The 
display sensitivity of  each measurement channel is  the same throughout a l l  the fl ight 
records presented in the report. 
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Table I 

! 

Summary of Nomenclature and Recording Conventions Used to Describe 
F 1 ight Data 

Linear Acceleration Units: Multiples of g = 32.174 ft/sec2 

Data Stimulus Galvanometer 
Symbol Direct ion Deflection 

+pk 
-4 

+% 
-% 

forward 
backward 

leftward 
rightward 

headward 
footward 

UP 
down 

UP 
down 

UP 
down 

Angular Velocity Units: degrees/second 

rol l  right 
rol l  left 

pitch down 
pitch up 

yaw left 
yaw right 

UP 
down 

UP 
down 

UP 
down 

A last point pertinent to the interpretation of  these flight records involves the 
upper frequency l im i t  of the displayed data. Though the direct-writing galvanometer 
recorder (Sanbom Company, Model 358) used to write-out the data had a frequency 
response extending from 0 to approximately 100 cps, the 20-to 25-cps natural frequency 
rating of  the transducer elements of  the system serves as the key upper roll-off frequency. 
Since the vestibular investigator i s  concerned primarily with low-frequency stimuli, the 
bulk of  the flight data was passed through a low-pass, single section RC fi lter with a 
5-cps corner frequency before being displayed on the galvanometer recorder. This type 
of  filtered display i s  typified by Figure 3 which represents the flight motion data collec- 
ted aboard the high performance AH-1 G "Huey Cobra" attack aircraft during an actual 
rocket-firing run. 
following a gradual left turn, was aligned in rol l  and yaw attitude relative to the fixed 
target, the side-mounted rockets were fired, and the helicopter then went into a 1.75-g 
pull-up accompanied by a gradual right turn. 

In this maneuver, the aircraft entered a dive midway in the record 
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Introduction of  this 0 to 5 cps fi l ter removes the bulk of the low-frequency vibra- 
tions superimposed on the linear acceleration and angular velocity signals describing the 
basic motion profile of  the aircraft in three-dimensional space. 
frequency vibration, torsional as well as translational, cannot be neglected relative to 
performance degradation, sample flight motion dota are olso presented without this 5-cps 
low pass fi l ter. The unfiltered form of display i s  typified by Figure 4 which describes 
the identical AH-1G rocket-firing run shown in Figure 3. The same form of filtered and 
unfiltered comparison i s  achieved in Figures 5 and 6 for a AH-1G machine-gun run, with 
Figure 6 illustrating the significant rise occurring in vibration level during the pul l  of 
positive galong the z qxis. The same applies for Figures 7 and 8 during a le f t  turn and 
Figures 9 and 1C during a right turn. 

However, since low- 

The third and last form of display involves a change in the time-base of the dis- 
played data and i s  represented by Figures 11 and 12. Here, the triaxial linear and angu- 
lar motion data are displayed without filtering on an expanded time-base so as to illus- 
trate the basic waveform of the low-frequency vibration of  the aircraft along and about 
the three reference axes. The Figure 1 1  data were collected during l i f toff  of the AH-1G 
while the Figure 12 data were obtained during straight and level flight at 150 knots. Dif- 
ferences in the frequency spectrum presented by these two flight conditions are readily 
apparent . , 

Similar flight data collected aboard a UH-1B "Huey" gunship are presented in 
Figures 13 through 24. Representative motion profiles include several 7.62-mm "mini- 
gun" target runs, two left and right evasive turn maneuvers, and a cyclic climb-cut. 
Expanded time-scale recordings made during straight and level flight and during a clirnb- 
ing right turn of the UH-1B are also included. The remainder of the data i s  of similar 
self-explanatory form, with motion profiles collected aboard a UH-1 D "Huey" troop ship 
presented in Figures 25 through 28; an OH-6A "Cayuse" observation helicopter in Fig- 

in Figures 47 through 56; and a UH-2B "Seasprite" in Figures 57 through 62. 

~ 

ures 29 through 38; a CH-54 "Flying Crane" in Figures 39 through 46; a CH-47A "Chinook" I 

The separate presentation of these linear and angular motion flight data in simple 
triaxial component form follows the emphasis we have placed previously (3) on the need 
for quantitative man-referenced identifications of the basic motion parameters of vestib- 
ular-significant force environments. Since the x, y, and z measurement reference axes 
are, for a l l  practical purposes, in parallel alignment with the front-back, left-right, and 
head-foot axes, respectively, of the conventionally seated pilot in these aircraft, the 
vestibular investigator w i l l  find no diff iculty in relating these motion parameters to the 
classical forms of  vestibular stimulation. Some obvious further data-processing techniques 
that can be applied without diff iculty to these basic data include computer computation 
of  the magnitude and anatomical direction of the resultant linear and angular vectors, 
the same for the magnitude and direction of that component of the resultant acting in each 
of  the three cardinal head planes, and various frequency spectrum analyses. However, 
when first beginning the investigation of the stimulus-response relationships occurring in 
a complex force environment, i t  has been our experience that greatest immediate insight 
to the problem w i l l  be offered by analysis of the individual components of  the resultant. 
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Figure 3. Fl ight datn col lected aboard an AH-1G "Huey Cobra" attack hel icopter during a 150-knot rocket- 
See text for details. f i r ing run. Tke row fl ight-data signals were routed through a 0-5 cps low-pass f i l t e r .  

Figure 4.  AH-1G f l ight  data: Sarneas Figure 3 except not f i l tered. 
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Figure 5. A H - I G  f l ight data collected during a 150-knot machine-gun-firing run: 0 to 5 cps f i l ter. 

+ 1 . 0 g  

Ax 0.0s 

+ ? . O g  

Az + i . o p  

0.0 B 



Figure 7. AH-1G flight data collected during a left turn maneuver: 0 to 5 cps f i l ter. 

Figure 8. AH-1G f l ight data: Same as Figure 7 except not filtered. 
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Figure 9.  AH-1G f l ight data collected during a right turn maneuver: 0 to 5 cps f i l ter. 
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Figure 10. A H - l G  flight data: Same as Figure 9 except not filtered. 
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Figure 1 1  . AH-1 G fl ight data: Expanded time-base (note 1-second timing markers) recording made during 
l i f toff .  Data not filtered. 
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Figui-e 12. AH- I  G f l ight data: Expanded time-base recording made during straight and level f l ight at 150 
knots. Data not filtered. 
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Figui-e 13. UH-16 "Huey" f l ight data collected during a 7.62-rnm minigun-firing-run made at 90 knots: 
0 to 5 cps filtei-. 
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Figure 14. UH-1B f l ight data: Same as Figure 13 except not filtered. 
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Figure 15. UH-1B f l ight data collected during a 90-knot diving target approach maneuver: 0 to 5 
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Figure 16. UH-1B f l ight data collected during a 40-mm grenade-firing run involving successive 
right banks as approaching the target: 0 to 5 cps filter. 

cps f i l ter. 

left and 

14 



+ 1.01 

0.08 

- 1.0. 

A. 

A, 

AZ 

W. 

WI 

WZ 

* 1.00 

0.0p 

- 1.01 

0.0p 

+Y) 
d a / u c  

0 

rY) 
dW/- 

0 

-Y) 
d d m c  

d& 

0 

Figure 17. UH-1B f l ight data collected in  a second 40-rnrn grenade-firing run: 0 to 5 cps filter. 
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Figure 18. UH-1B f l ight data collected during a typical left turn used for evasive action: 0 to 5 cps f i l ter .  
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Figure 19. UH-18 f l ight data collected during a typical right turn used for evasive action: 0 to 5 cps f i l t e r .  
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Figure 20. UH-IB f l ight data: Same as Figure 19 except not filtered. 
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Figure 22. UH-1B f l ight data: Same as Figure 21 except not filtered. 

Figure 21. UH-16 f l ight data collected during a cyc l i c  climbout: 0 to 5 cps f i l ter .  
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Figure 23. UH-1B f l ight data: Expanded time-base recording made during straight and level flight at 90 
knots. Data not filtered. 
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Figure 24. UH-1B f l ight data: Expanded time-base recording made during a climbing right turn. Data not 

filtered. 
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Figure 25. UH-1D "Huey" f l ight data collected during a practice formation landing involving a bi-ief touch- 
down for off-loading troops: 0 to 5 cps f i l ter. 
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Figure 26. UH-1D flight data collected during a formation l i f tof f  into hover followed by an on-the-spot 

left  turn: 0 to 5 cps f i l ter. 
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Figure 27. UH-ID flight data: Expanded time-base recording made during a landing approach, 
filtered . 
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Figure 28. UH-1D flight data: Expanded time-base recording made during takeoff. Data not filtered. 
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Figure 29.  OH-6A "Cayuse" f l ight data collected during a descending left  turn: 0 to 5 cps f i l ter. 
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Figure 30. OH-6A f l ight data: Same as Figure 29 except not filtered. 
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Figure 31. OH-6A f l ight data collected during a typical hovering turn: 0 to 5 cps f i l ter. 
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Figure 32. OH-6A f l ight data: Same as Figure 31 except not filtered. 
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Figure 33. OH-6A f l ight data collected during a 90-knot climbing left turn: 0 to 5 cps filter. 
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Figure 34. OH-6A f l ight data collected during a descending right turn: 0 to 5 cps f i l ter. 
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Figure 35. OH-6A flight data: Expanded time-base recording made during straight and level f l ight at 95 
knots. Data not filtei-ed. 
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Figure 36. OH-6A f l ight data: Expanded time-base recording made while hovering. Data not filtered. 
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Figure 37. OH-6A f l ight data: Expanded time-base recording made during a right turn. Data not filtered. 
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Figure 38. OH-6A flight data: Expanded time-base recording made during a left turn. Data not filtered. 
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FignJre 39.  CH-54 "Flying Cra7e" f l ight data collected during a typical landing approach made from o right 
turn: 0 to 5 cps f i l ter. 
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Figure 40. CH-54 flight data: Same as Figure 39 except not filtered. 
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Figure 41. CH-54 f l ight data collected during an 80-knot descending right turn: 0 to 5 cps f i l ter. 
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Figure 42. CH-54 f l ight data: Same as Figure 41 except not filtered. 
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Figure 44. CH-54 f l ight data: Expanded time-base recording made during a landing approach. Data not 
filtered. 
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Figure 45. CH-54 f l ight data: Expanded time-base recording made duringstraight and level flight at 80 
knots. Data not filtered. 
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Figure 46. CH-54 f l ight data: Expanded time-base recording made while hovering. Data not  filtered. 
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Figure 47. CH-47A "Chinook" f l ight data collected during a landing approach: 0 to 5 cps f i l ter. 
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Figure 48. CH-47A f l ight data: Same as Figure 47 except not filtered. 
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Figure 49. CH-47A flight data collected during a left turn wi th a swing load: 0 to 5 cps f i l ter. 
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Figure 50. CH-47A f l ight data collected during a right turn wi th a swing load: 0 to 5 cps filter. 
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Figure 51. CH-47A f l ight data collected during straight and level f l ight at 100 knots: 0 to 5 cps f i l te i .  
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Figure 52. CH-47A f l ight data: Same as Figure 51 except not filtered. 
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Figure 54. CH-47A f l ight data: Same as Figure 53 except not filtered. 

Figure 53. CH-47A f l ight data collected in typical hover with swing load: 0 to 5 cps f i l ter. 
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Figure 55. CH-47A flight doto: Expanded time-base recording made during a typical hover wi th swing load. 
Data not filtered. 
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Figure 56. CH-47A f l ight data: Expanded time-base recording made during straight and level f l ight at 
100 knots. Data not filtered. 
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Figure 57. UH-2B "Seasprite" f l ight data collected during a 90-knot climbing left turn: 0 to 5 cps filter. 
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Figure 58. UH-2B f l ight data: Same as Figure 57 except not filtered. 
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Figure 59. UH-2B f l ight data collected during a 9Gknot climbing right turn: 0 to 5 cps f i l ter. 
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Figure 60. UH-2B flight data: Same as Figure 59 except not filtered. 
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