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HUMAN COMFORT RESPONSE TO

RANDOM MOTIONS HITH A DOMINANT PITCHING MOTION

By Ralph W. Stone, Jr.

SUMMARY

The effects of random pitching velocities on passenger ride comfort response
were examined on the NASA Langley Visual Motion Simulator. The effects of power
spectral density shape and frequency ranges from 0 to 2 Hz were studied. This
paper presents the subjective rating data and the physical motion data obtained
in this study. No attempt at interpretation or detailed analysis of the data is
made. There existed during this study motions in all degrees of freedom, as well
as the intended pitching motion, because of the characteristics of the simulator.
These unwanted motions may have introduced some interactive effects on passenger
responses which should be considered in any analysis of the data.

INTRODUCTION

An increase in short-haul operations using short take-off and landing air­
craft is expected (ref. (1)). Such operations, which are at low altitudes and
with relatively low wing loading aircraft, will probably lead to conditions of
flight where the ride quality will be degraded compared to that experienced in
current jet aircraft operations. Accordingly, the consideration of ride comfort
will probably become increasingly important. Understanding and defining the
problems of passenger acceptance, and developing methods and systems for aircraft
design that will allow for acceptable ride comfort, are encompassed in NASA
programs described in references 2 and 3. These programs include the simultaneous
measurement of subjective ride comfort responses and vehicle motions made on both
scheduled airlines and simulators.

Much data has been obtained and ride comfort indices and acceptance ratings
have been developed based on human exposures to the full six degrees of freedom
motion of aircraft (refs. (4), (5), (6), (7), and (8) for example). The inter­
actions of the various degrees of freedom of motion as they affect human comfort
responses has been under study since 1975 but is not yet fully understood,
especially for the frequencies of motion for aircraft. The nature of these
interactions is important to the understanding of the total human comfort r.esponse
to combined motions of two or more degrees of freedom in aircraft. In
general data availabl.e for subj ective comfort responses to single degree of

freedom motions exist for sinusoidal and random oscillations but primarily at
frequencies larger than those common to aircraft (refs. (9), (10), (11), (12),
and (13) for example).

The influence of single degree of freedom motions having random oscillations
typical of those aircraft in turbulence therefore is not fully understood.
Typical airplane responses to turbulence have power spectra shapes with peak





The six power spectra shapes were tailored by filtering the output of a
random number generator. The nominal shapes of these spectra are shown in
Figure 2. In designing the spectra shapes to suit the simulator characteristics
the "flat" spectra were not as flat as was intended and in Figure 2 appear to
have more power in the 1 to 3 Hz range than the typical spectra for conditions
with the same peak power. This increase in power, over the typical spectra,
ranges from 35 percent for the 1 to 2 Hz spectra to 170 percent for the 0 to 1 Hz
spectra.

The nominal spectra shown in Figure 2 are normalized to have a peak of
1. For the actuai motions on the simulator the magnitude was raised for each
spectra type by adjusting the gain of the input signal. Four magnitudes were
examined for each of the six spectra shapes. Thus, the 24 flight segments were
developed for use in the study.

Each "flight" of 24 segments was flown four or five times so that 8 to 10
subjects experienced each motion. As these "flights" were not precisely dupli­
cated, the data discussed in the "Data" section of this paper are the average
values of the four or five "flights" used. The standard deviation of the
pitching velocities from the average values for the various segments in terms
of percent of the average values is 9.76 percent. The maximum deviation was
30.02 percent. The actual output of the simulator for a test segment repre­
senting most nearly the average output for a given segment and, therefore,
the motions essentially experienced by the subjects are presented in Figures
3 to 8. These figures include time histories for all six degrees of freedom,
histograms of the pitching velocity and power spectral densities of the
pitching velocities for the 24 segments of "flight ll as follows:

Figure Spectra Shape Frequency Range

3 Typical 0-1 Hz

4 Typical 0-2 Hz

5 Typical 1-2 Hz

6 Flat 0-1 Hz

7 Flat 0-2 Hz

8 Flat 1-2 Hz

The four segments of motion in each figure are for progressively in­
creasing values of pitching velocity.

Simulator

The Langley Visual-Motion Simulator (VMS) is primarily used for piloted
flight, stability, control, and display studies, and does not contain a
passenger compartment. The passengers used in this study sat in the pilot's
compartment and rode passively, the controls and instruments being inoperative
for these experiments. Figure 9 is an interior view of the cockpit. Two
passengers rode each experimental "flight."

The normal operational envelope of motion frequencies and magnitudes of
the VMS are presented in reference (2). The largest practicable input
frequency is about 3 Hz. As noted in references (6) and (7), the major energy
in aircraft motions is in the region of 2 Hertz and less.
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about 0.0067 to 0.0617 g, and have an average value of 0.02 g. These values
generally exceed the values normally established as thresholds of perception
for linear accelerations (see ref. (2) for example). Subjects exposed to
these motions may therefore, have been cognizant of the existence of linear
accelerations during this study. Whether these accelerations were sufficient
to alter the subjective ride comfort ratings for pitching velocity will not
be clear until the interactive effects of multiple degrees of freedom are
understood. The magnitude of the linear accelerations experiences were such
as to always be in the comfortable zone of the bipolar scale used.

The subjective ride comfort responses on Table II have an average standard
deviation for all 24 segments of 0.727. This compares favorably with other
experiences as, for example, the average standard deviation for the results
of reference (8) is 0.758 units of response rating. The value of 0.727 for this
pitching velocity study compares favorably with those for other motion compo­
nents in references (14), (15), (16) and (17).

As expected, there is a progressive increase in response ratings with
increasing pitching velocity. It appears that this variation (Jable II) is
not linear, especially when the peak power frequency is from 0-2 Hz and 1-2 Hz.
The subjective ride comfort response ratings are plotted against the loglO of
the RMS pitching velocity for typical power spectra in Figure 11 and for flat
power spectra in Figure 12. These plots do not show the relative linearity that
was shown in similar plots for the linear accelerations and for rolling velocity
(refs. (14), (15), (16) and (17». This observation implies that comfort responses
to ID1S pitching velocities may have more complex relationships than do the other
motions.

CONCLUDING REMARKS

A study has been made on the Langley Visual Motion Simulator to examine the
influence of random pitching velocities on human subjective ride comfort responses.
The effects of two general shapes of power spectral density of pitching velocity
input for three frequency ranges in the 0 to 2 Hz region were examined. The
data obtained in this study are presented in this paper. Although this study
was made basically to examine the influence of random pitching velocities,
because of the characteristics of the simulator there occurred in these data
some amounts of motion in all other degrees of freedom. Analysis of these data
must maintain cognizance of this fact. There appears to be no simple relationship
between the response data and RMS pitching velocities.
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TABLE II (concluded)

Longitudinal Transverse Vertical Pitching Rolling Ymving R ORsace. ace. ace. velocity velocity velocity s
g g g deg/sec deg/sec deg/sec

(d) Flat 0-1 Hz inputs

0.0087 0.0087 0.0118 1. 2982 1.1179 0.6217 2.062 0.863

0.0096 0.0095 0.0132 1.3913 1.2759 0.6776 2.438 0.623

0.0248 0.0145 0.0483 4.6702 1. Lf978 0.6549 3.812 0.651

0.0294 0.0160 0.0598 6.3856 1.5236 0.6878 4.062 1.016

(e) Flat 0-2 Hz inputs

0.0076 0.0088 0.0083 0.8037 1.2464 0.6542 2.062 1.084

0.0101 0.0098 0.0149 1. 0122 1.1893 0.6192 2.312 0.651

0.0206 0.0137 0.0357 2.0152 1.5647 0.7013 3.375 0.641

0.0273 0.0164 0.0528 3.0080 1.8122 0.7162 4.188 0.704

(f) Flat 1-2 Hz inputs

0.0067 0.0084 0.0075 0.7410 1.2517 0.6315 1.938 0.623

0.0108 0.0112 0.0158 0.9613 1.2774 0.6051 2.500 0.598

0.0225 0.0161 0.0366 1. 9212 1. 7564 0.8024 3.562 0.555

0.0273 0.0160 0.0461 2.3904 1. 5947 0.6490 3.438 1.591





TABLE III (concluded)

Longitudinal Longitudinal Transverse Transverse Vertical Roll
-Vertical -Pitch -Roll -Yaw -Pitch -Yaw

(d) Flat 0-1 Hz inputs

0.6426 0.5035 0.6513 0.8337 0.3058 0.9112

0.7260 0.5748 0.7078 0.8587 0.4393 0.9288

0.7869 0.1664 0.1486 0.5577 0.0484 0.6837

0.7746 0.1970 0.2442 0.5820 0.0402 0.7698

(e) Flat 0-2 Hz inputs

0.7685 0.8771 0.6788 0.8579 0.7659 0.9199

0.5481 0.5554 0.5156 0.7742 0.2662 0.8722

0.5467 0.3659 0.5208 0.6450 0.0712 0.7337

0.5546 0.2967 0.1415 0.5240 0.0185 0.7292

(f) Flat 1-2 Hz inputs

0.8111 0.9360 0.6694 0.8774 0.8619 0.9106

0.6688 0.5255 0.2979 0.6703 0.3051 0.7940

0.6123 0.4918 0.4256 0.6974 0.1728 0.8348

0.5970 0.3225 0.0711 0.5135 0.0327 0.6409



Figure 1 - Langley six-degree-of-freedom,vision motion simulator.






































































































































































