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HDMAN COMFORT RESPDNSE TO

RANDOM.MDTIONS WITH A.DOMINANT ROL&ING MDTION.

By Ralph W. Stone, Jr.
SUMMARY -

The effects of random rolling velocities on passenger ride comfort
response were examined on the Langley Visual Motion Simulator. The effects of :
power spectral density shape and frequency ranges from 0 to 2 Hz were studied. . P
This pazper presents the data obtained, There existed during this study motions '
in all other degrees of freedom, as well as the intended rolling motion,
because of the characteristics of the simulator. These unwanted motions may

introduce some interactive effects which should be considered in any analysis
of the data.

INTRODUCTION

An increase in short-haul operations using short take-off and landing
aircraft is expected {(ref, (1)). Such operations, which are at low altitudes
and with relatively low wing loading aircraft, will probably lead to conditionms
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
a NMASA program (raf. (2)). This program includes the smmultanenus messurement
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 degree of
freedom motion of airvcraft {refe. (3), (4), (5), (6), and (7), for example).
The interactions of the various degrees of freedom of motion as they affect
human comfort responses is not known. The nature of these interactions is
important to the understanding of the total comfort responmse. In addition,
data available for subjective comfort responses to single degree of freedom
motions exist prlmarlly for sinusoidal oscillations at specific frequenecies

(ref. (8)).

The influence of single degree of freedom motions having random oscilla-
tions typical of those of aircraft in turbulence also is not known. Typical
airplane respouse to turbulenece have power spectra shape that decreases .
rapidly beyond 1 to 2 Hertsz. However. some response motions of the airplane
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(particularly the angular motion) have a somewhat flatter power spectra shape.
It is not known if these different spectral shapes wxll have a significant
influence on the ride comfort. GConsequently, a program to measure human
comfort respomnse ratlngs in 81ngle degree of freedom random motions and-the
interactions. of thesa motlons in two, three, and six degrees of freedom using
two types of power vpectra shapes and three frequency ranges is in progress at
the NASA ILangley Research Center. References (9), (10), and (11) present the
data obtained for the studies of the subjective rlde comfort response to random
vertlcal transverse, and longltudlnal acce1e1at10ns, respectively. The present
paper presents the subjective ride comfort response ratings obtained when using
oscillations in the rolling degrée of freedom on the Visual Motion Slmulator at
Langley (flg l) :

' sﬂmOIs

Rs ride ﬁuality rating

éﬁ gtandard deviation of ride quality rating
g 0 acceleration due to gravity

Hz frequency, cps

TESTS AND TEST CONDITIONS

The investigation was initiated to measure human comfort response ratings
to single degree of freedom motions and to multiple degree of freedom motions
using random motions like those experienced in airplane flight., A program was
developed using 14 separate simulator "flights," each flight consisting of
24 segments. Each of the segments consisted of either a single degree of
freedom motion, a two-, three-, or six-degree of freedom motion. The segments
for the six single depgrees of freedom (vertical, tramsverse, longitudinal
acceleration and pitch, roll and yaw rates) were scattered throughout six
flights, Any one single degree of freedom was contained within only two of
the six flights. The various two degrees of freedom segments were similarly
scattered throughout four f£lights. The various three degrees of freedom segments

were scattered throughout two flights, and sgix degrees of freedom similarly in
two flights,

As mentioned previocusly, typical airplane responses to turbulence have
power spectra that decreases rapidly beyond 1 to 2 Hertz. However, some
responses, particularly for angular motions, have flatter power Spéctra. In
order to investigate the effect of spectral shape and the frequency distxibution
of the response power on ride comfort, six power spectral density distributions
were developed to drive the simulator. There were two gemeral groups, the first
termed "typical," having variation with frequency like those experienced on
typical a1rcraft~a1d the second termed "flat" with shallower decreages at the
high frequencies. In edeh group, three distinct freguency distributions were
used; the first with peak power centered between 0 and 1 Hz, the SPcond between
0 and 2 Hz, and the th1rd betweeu 1 and 2 Hz.

2

%

SRS . RS S

i A e

S

RETIREE .

*




i

i
:
i
!
F
H

The six power spectra shapes were tailored by filtering tha output of a

~ random number generator., The nominal shapes of these spectra are shown in
figure 2, In- deslgnlng the spectra shapes to suit. the simulator - characterlstlcs

the "flat" spectra were not as flat as was intended and in figure 2 appear

‘similar to those of the "typlcar' spectra. However, the "flat" spectra have

more power in the 1 to 3 Hz range than the typlcal spectra for conditions Wth
the same peak power.' This incredse in pdwer over the. typical spectra ranges
from 35 percent for the 1 to 2 Hz spectra to 170 percent for the.0 to 1 Hz
specltra.

The nominal spectra shown in figure 2 are normalized to have a peak of 1.

 For the actual motions on the simulator the magnitude was taised for each spectra

type by adjusiing 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,

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 3 is an interior view of the cockpit. Two
passengers rode each experimental "£light."

The normal operational envelope of motion frequencies and magnitudes of
the VMS are presented in reference {2). The laigest practicable input
frequency is sbout 3 Hz, As noted in references (6) and (7), the major energy
in aircraft motions is in the region of 2 Hertz and less.

The VMS is a large mechanical device with six hydraulically operated
telescoping legs and associated switching valves. The desired motions are
developed by extending the legs in a prescribed manner. In order to obtain the
desired motions without exceeding the mechanical limitations of the simulator,
various control and limiting systems were incorporated. The simulator, as a
dynamic device, has its own natural frequencies and damping, and thus exerts an
effect on the resulting motion., For precise development of a single degree of
freedom, the six legs would have to move synchronously. Because of friction in
the hydraulic systems and valves, and wvariations ia the hydraulic pressure, it
was not possible to produce the precise conditions necessary for one degree of
freedom. Therefore, the motions developed by the simulator had the rolling
velocity as the dominant motion with various lesser amounts of the other
five degrees of freedom present. For rthese same reasons, the motions were not
precisely duplicated even for identical computer inputs. A4s a resull: of the
dynamic characteristics of the simulator, the actual motion power spectra
experienced by the subjects was somewhat different than the nominal spectra
used as input to the computer. The four different magnitudes mentioned
previously were supposed to be alike for each input spectra shape; however,
because of the dynamic response characteristics of the simulator, it provided
different RMS values of the rolling velocities for the different spectra shapes.

Fach "£light" was flown four to five times so that 8 to 10 subjects
experienced each motion. As these "flighis" were not precisely duplicated,
the data discussed in the "Data" section of this paper are the average values

.
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of the four or five "f£lights" used. The standard deviation of the rolling
velocitieés from the average values Ffor the various segments in terms of percent
of the average values is 12,88 percent. The maximum deviation was 24. 02 percent.
The actual output of the simulator for a tést segment representing most nearly
the average output for a given input segment and, therefore, the motions
essentiglly experiénced by the subjecis are presented in figures 4 to 9.. Those
include time histories for all six degrees of freedom, histograms of the rolling
velocity and power spectral demsities of the rolling velocities for the.

24 segments of "flight" as folloys:

Fl
e e At Y e e B LR A i £

Figure B Spectra shape Frequency range

Typical 0-1 Hz
" 0-2 Hz
1-2 Hz
Flat 0-1 H=z
" 0-2 Hz
" 1-2 H

A - I N - T

The four segments of motion in each figure are for progressively increasing
values of rolling wvelocity.

The reference axis used was relative to the seated passengers and is
shown in figure 10. The rolling velocities used for this paper were along
‘ the rolling axis shown in figure 10. The actual motions of the simulator, as
| experienced by the passengers, were measured by an inertial instrument package
i containing three linear accelerometers, one alined with each axis, and three
rate gyros also alined with each axis,

As noted previously, 24 segments of flight were used in examining the i
rolling degree of freedom, These 24 segments were randomly scattered in
two "flights." Each flight was 36 minutes long and consisted of 24, one- and
one-half minute segments. The subjects rated a 20-second portion in the center
of each segment. A computer-driven buzzer system was used to identify this
center portion of the segments. The subjects were instructed to consider only
this 20second segment of "flight" when making their comfort response rating.
The subjects rated the segments on a seven-statement scale, as follows:

Very comfortable -
Comfortable . - '
Somewhat comfortable
Acceptable

Somewhat uncomfortable .
Uncomfortable - - i
Very uncomfortable |




Many SubJECthE rlde comfort indices have been based on a five-point numerical

scale (see refs. (&) and (7), for example). 'Accordingly, for analysis purposes
the seven- Statemejt rating- scale was converted to numerlcal values for a five-

point scale as follows:

. 1= Very comfortable:
2= Comfortable =~
2-1/2 = Somewhat comfortable
' 3 = Acceptable ' _
3-1/2 = Somewhat uncomfortable’
4 = Uncomfortable
5= Very uncomfortable

For the data presented herein, averags numerical ratings: for the 8 to 10
subjects basad on this scale and standard deviations from these avarages are
used,

The subjects, in general were supplled By the Hampton Tnstitute and .
consisted of a relatively broad spectra of people. For the totsl program,
138 passenger "flights" were made using a total of 98 persons. No person
rode the same flight twice. A general proflle of the persons used on these
"Flights" is Shown in table I, :

DATA

The mean RMS values for all six degrees of freedom of the four or Five

"flights" performed for each input segment along with the mean subjective ride

comfort rasponse rétings (RS) are shown in table IT. ‘The standard deV1at10n
of the response ratings for the passenger group on each "flight" segment are
also shown in table IT. OCross correlation coefficients for the various motion
components are shown in table III. The four segments of motion on tables II
and IIT for each spectra shape are for progressively increasing values of RMS
rolling velocity.

As noted previously, the data presented herein are for rolling motion
inputs and the existence of the other motion components in tables II and IIT
are the result of simulator characteristics. Until data is available for each
degree of freedom of motion and for combined motiomns, it will not be clear
how significant the existence of the other motion components are in the subjec-
tive ride comfort responses presented in this paper. The RMS rolling velocity
varied from 1.6 to 9.73 times larger than the RMS pitching or vawing veloecities
that occurred., These can be compared because they are similar types of stimula-
tion to the rolling velocity. Because the linear RMS accelerations are a
different form of stimulation than the angular veloeities, no comparison as to
their relative significance to the RMS rolling velocity can be directly made.
It should be noted that the values of linear acceleration range from about

0.0074 to 0.056 g, and have an average value of 0.021 g. . These values genérélly

exceed the values normally established as thresholds of preception for ILinear
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acceleration (see for example refs. (12) and (13)). Subjects exposed to these
motions may, therefore, have been cognizant of the existence of linear accelera-
tion during the study., Whether these accelerations were sufficient to alter
the subjective ride comfort ratings will not be clear until the interactive

- effects of multiple degrees of Ffreedom are understood.

The subjective ride comfort responses presented on table II have an
average standard deviation for all 94- segments .of 0. 715. .This compares
favorably with other experience as, for example t:he average standard dev:.atlon
for the results of reference (7) :.s 0.758 units of response rating. The value
of 0.715 for this rolling velocity study compares favorably with those for
other motion components presented in xe_ferences (9), (10}, and (11).

As expected, there is a progressive increase in re.sponse ratings w:.th
inereasing rolling velocity. The variation (table II) is not, however, a -
linear function of rolling veloeity. The subjective ride comfort. responses .
‘are, therefore, plotted apainst the 1og10 of the RMS rolling velocities for
typlca}_ power spectra in Ffigure: 11 and for flat power spectra in figure 12,
Thus plotted, the data show a nearly linear variation of the response, w:u.th the
logyg of the rolling velocity stimulus. This observation implies that the
comfort rasponse to RMS rolling veloclta.es conforms to the laws of psycho-

. physical responses, wherein the response varies with the 1og10 of the stlmulus
(1 ef (14)} :

| cioﬁcmﬁrﬁc REMARKS

_ A study has been made on, the I.angle.y Visual Mo..:l.on Simulator. to examine
the :mfluence of random rcll:l.ng velocities on human subjective ride comfort
responses.  The effects of two general shapes of power spectral densu.ty of the
rolling 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 rolling
velocities, because of the charactaristics of the simulator there occurred in
the study some amounts of motion in all other degrees of freedom. Analysis of
these data must maintain cognizance of this fact. The response data appear to
vary linearly with the logjy of the rolling RMS velocities indicating congruity
with psychophys:.cal law. :
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Sex Distribution

TABLE T. - PASSENGIR PROFTLE FOR

VS RIDE QUALITY PROGRAM

Total Passengers ~ 98 Persoms-

Number .

. "
Males 47 - 48
Fenales 51 52
Age Distribution
Number 7 Sex
Male Female
18-25 yrs 55 56 44% 56%
26-45 yrs 30 31 47% 53%
46 ~ yrs 13 13 69% 31%
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TABLE II.- MEAN RMS VATUES OF MEASURED MOTION COMPONENTS WITH
ROLLING VELOCITY INPUTS AND MFAW RTDE.COMFORT RESPONSES
Lcn-lgiﬁ;_'i:uc'ti.ma.li Transverse Vertical } -EPitchi:n'g _ Rolling Yawing R L
. ace, ' ace. ace, velocity - velocity velocity "B YR _
g 8. g deg/sec deg/sec deg/sec: ' o
“i(a) T&pical 0-1 Hz iuputs |

0.0096 | 0.0122 0.0095 0.9544 1.7686 0.8327 | 2.100 | 0.843
0105 0165 .0113 .9235. 2.4855 .8071 [ . 3,000 624
0146 .0284. .0186 .9187 6.0854 . 7137 ~3.300. .810
.0178 .0373 .0202 1.0220 7.1084. .8202 4,500 .756

(b}  Typical 0-2 Hz inputs _

0.0113 | 0.0135 0.02113 1.1089 1.7775 0.9465 | . 1.750 | 0.540
.0137 .0200 .0152 1.0240. 2.2539 (8625 | 2.500 |  .667
.0212 .0358 .0247 1.1803. 4.0481 9271 | - 3.375 .876
,0309 0552 .D368 1.4186 6.1042 L9348 . | 4,150 |  .852

:(c) Typical 1-2 Hz inputs

0.0103 ” 0.0123 0.0099 |  0.9783 1.5786 0.8387 | 1.375 | 0.518
.0132 0207 .01710 1.0798 2.4882 L9154 | 2.650 | .78
. 0196 .0352 .0238 1.1486 3.7420 - .9008 . | 3.500 .850

.0323 1.0013. 5.2493

.B52

.
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TQBLE IT.- MEAN RMS VALUES OF MEASURED MUTION COMPONDNTS WIIH
ROLLING VELOGITY INPUTS AND MEAN RIDE COMFORT PESPONSES (CDNTINUED)

1ongitu&inal
;yacc. .
“,g_

" Transverse

. ace,
B

'Veftigal '
ace,

8

: Piﬁching =t
- velocity
1 deg/ség

Rolllng
“yeloeity

deg/sec

.deg/SEC .

- Yawing
velocity

?;(d) Flat Q- l Hz

*npuﬁs

= [JI.'."Y':A'Q R R ruu;.-..-u RS .}\_ R

0 0082
0087
,0153
idigs

0.0116°
L0165

.0323

ossl

0.0083 |-
L0107 |-

0187

‘0227

0.7954
6250
.7960

o787 |

- 1.5315
72.2713;__
- 5,8136:
7.1358

5896

0.6819
5312

L7334

2,100 |
2.700 |
| 38500
|a.9000 |

. 0.568 .
715

.316

te) Fiat 02 e

1uputs

0 0077
.[0;15

.olgh
r;6276

0 0102

0135_gs
_,0323. -
1310522,':

0.0078 |

L0139
L0212

- L0321

0.7309

L7644
7866 -

1.1885

11,2312
- -1.9809.-

3771
5.2468"

0.6139
5896
4379
6938

1.350
C2.750°
3,438
| 4,200

.0.580 |
.589
- 1.050

-.715

el (f) Flat 1- 2 Hz

inpuﬁs

10,0074

Lotz

Lous
Lp273

.0:0097

.,0202

0357

L0557

0.0077 . |-

0161
<0245
.0334

__0,6708_ _
8064

';9629
1.0650

11677
22195
3.,5383
5. 2195['

f .ﬂ6557 

1 0.5522
.6012
L6451 -

1.800
 2.4007
| 3.450

S;QQGf

0.823
- .699

- .876
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TABLE ITI.- CROSS-CORRELATTON COEFFICIENTS OF MOTION COMPONENTS WITH
- ROLLING VELOCITY INPUTS
':,'Longitujdinal Longitudinal Transv.e.fse 'Eran_svei'se. Vertipal Roll
-Vertieal - ~Pitch ~Roll ~Yaw =Pitch -Yaw

*(a) Typ:.cal 0—1 Hz :.nptits ‘ ,

09404 0.9458 0.7880 . 0.8425 | 0.9465 0.9050
.8102 .8361 4731 .6627 8049 7000
4407 .2868 L1119 L2141 .2880 /2287
6259 5164 .2363 .3543 L5130 +.3909

:-(b) Typa.cal 0-2 Hz inputs

0.8380 0.9172 0.7209 1 0.8202 0.9196 0.9327
4596 .6088 .2021 4755 .5936 .6686
.3298" .5992 C = 0286 .2602 L4031 (4573
.2312° .1910 - .1066 .0929 1543 2078

(e} Tyb_i.cal‘ 1-2 ¥z inputs

0;8354 0.9221 0.7581 0.8540 0.9120 0,9565
4394 . 7204 L2410 .5440 .6921 L6984
L4479, 4886 .0929 .3550 AT L4343
L4135 1747 .0314 .1572 2055 .0745

™~
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ROLLING VELOCTITY iNPULS (CONTINUED)

TARLE TII,- CROSS.CORREIATION COEFFICIENTS OF MOTION COMPONENTS WITH

.1ongitudina1 Longitudinal Trangsverse Transverse Vertical Roll
—Vertical ~Pitch -Roll ~Yaw -Pitch ~-Yaw

'.:(d) Flat 0-1 Hz inputs
0. 80691 0.8893 0.5961 0.7053 0.8606 0.8071
4380 5177 L1471 .2572 .5103 .4260
4976 3240 .2132 .3147 .3352 .2210
;5493‘ .3599 .2478 .3877 .3287 L1611

V“ft(e) Flat 0- 7 Hz 1nputs
. 0.686% 0.8662 0.5650 0,7364 0.8447 0. Bt
‘.3114 6119 .1215 4350 .5719 .5079
.1624 1234 - 0617 1367 .2145 - 0289

- ;(f) Flat 1 2 H"'lnputs
06541 0 8545 0.5404 0.7453 0.8243 0.810%
.1528 5343 .0288 .3871 5457 .4030
CoL2243 .2955 - .0787 .1803 4168 .1092
1612 - /0022 - - .0888 . 1837 .1505 - .2936

- LY

i ¢ b T S R AR o i et

et e s e

-7\_,,, ERTIN |

- I:u_ Lasi'h \'_['"1-\-run..u--u



I @OVd TVNIDINO

RIFTVAD ¥0Od J0

TINTL
d ION JNvTg CRAA INI@EOANE

"2 h
vigure 1.- Lanel ix= -
«~ lansley six degree=of-¢

reedom visual-motion sinulstor

-




Normalized power spectral density

L0

P ETTT T T

1
i

[

~ Peak power
N - \frequency range
~

S ENYE!

Frequency (HZ)

(a) Typical spectra,

Figure Z.- Wominal power spectra of motion components.

e

o



Normalized power spectral density

(.0

-
—

Ol

Peak power
frequency range

[

A0 ~
.
~ ~
\\ .
~
-
. _ N
~
-~

Frequency (HZ)

- {b) Flat spectra

Figure 2.~ Concluded.



T aTA ALY

T

-

[}
[}

imu

-

¢

Mo

1
o
@




%

2P

"

Lo hiodoe bt e b

;|iz|M|..an| .....
| ¢ =
b S =
= =
i~ o

PN, By e Aa_u‘.
v v

1

Time, sec

|

ber

{
PN

I':‘lD

Ti'

e

P11t

__~_ 111

Corcbooetrt oo oo oo e b o e e b

iR 5 A4 N
R ey Tleud s ,ﬁ od
.4. _. e — s T h L B | 2 - -v

15 b ...,A,__ ¢t

s m
‘*30e [eulpn)ibuo ‘%8 8siaAsuRl] ‘*I0B |BIIMBA

umm\m%
‘ajed Ydld

|
=H
&

‘ajed |10y

11
= ,Au
Y

-20

umm\m%
‘8)ed MBA

il .
. .‘m:
ELioge A
ERas: 5
s #M...m ol o SN
=l , .
seigleees e SeTTeE L M 2t
= _:.M:: vl e,

(a) "[i'me histories (RMS rolling velocity L 769 deg/sec).

Figure 4.- Measured motion characteristics using rolling velocity with typical 0-1 Hz inputs.

LEL] o i
e ) s
3 ¥ E -
{ | &
i b T
=& o«
i —
ki i el -
: 3
-
ERZEECEE.



N

v vAaTITAY . T AT dab

ANRRRNERAL!

b bt

:h.“_ [ 1
e b t &
Bans Snind (DN EREEr &
T o :
ganat asis MRy f | =24
w5 RN ERa ity =
Sl e om B g K e = T
5 e L 4 mvun
W bt =y
_ i b= vl Y
' ! ; il r... - -

1.

RERRESRRNAR

iy : H.w.! B2 Saw
#5 iy 3 b ,
I e Eed

A

RSRRRRSURNNRNRRRNRRART.

SRLC b fxpEyaRan:

[ hv ST g 1
e e — e | lu 214
. eaaanas B yug s
Lo} u it

L

T samE

[RERRENE

| SSEE

P

s6

-t

{1t

1 5 5

P

s.b

"*208 [RUIDNYBUOT D08 BsiaAsuRl] B [BIIMBA

wuow\m,% <
‘ajed Yyoid

‘ajed {10y

B E M v R Al E S A e a8t >
ool 111 i
ot [OW g -t o

¥

‘a1ed MBA

IS

ime h

(@ T

tories (RMS rolling velocity 2. 486 deg/sec),

Figure 4,- Continued,

P T e WY LT LY




S48 IRORRARNLS HNRRASE

ARARAE (ARG TR

i

i
|

1

1
LUALLLLLT

1

-

(a) Time histories (RMS rolling velocity 6. 085_ deglsec}.»

RUBAIRRREAR

Figure 4, - Continued,

L

JJII!

RARRRERRE ARUR

™

‘*20e [eulpnyibuol ‘ *20e asiaAsued 1 ‘228 [BIIjBA ‘a)ed ydid ‘a1ed |joy ‘a1ed MBA

VN AT .E
ORICINAL PACGE




L m.

**20e |eupn)ibuoT ‘ 298 8SJBASURI] ‘ =3e [RIIMBA

sas/62p
‘Bl yalld  ‘aied |joy ‘2jed meA

(a) Time histories (RMS rolling velocity 7. 108 deg/sec)

Figure 4.- Continued.




Normalized frequency of occurrence

10[‘,_. — -

a0y -

40

i -

CIRHOE

=I5
AL ?AP 131
5«; POOR qu. L

|
|
r'WJ

+

£
-

1
|

.

IR -

I« SR
Rotling velocity, rad/sec; ..

(b) Rolilng velocity histogram (RMS rolling veloc[ty 1769 deg/sec)
‘ Figure 4.- ‘Continued,




i e i L

I U R ] | (

/
100 g e i e e e mm e e e B e e e e ———— . ‘
b
SD - O P e e ——— — . I | PR o — RO ;
!
B0 —————tf— o — | e e o - — - e J
i ) 1

m
=
2 RIS SR i
!5- 60 - ——— e i i e f———— LLL I I VU o £ & R 1 L A _I_ ——— ) — ;
3 1 ] '
3 l
=1 .
g ST T e ] — - = —_ 1__ c e e b LR . e - é
&
:% Yp—-— s o T T
E. r
=
mn k- e e e e e e [ ] _.._,1 -1 -
O b oo e mm = e fe e o - J B O I S . i
-
10b - e — — - - NS SO SO
ot 11014 _.ﬂ__[ N1 SO SRS PRI B
~I2 -10 -6 ‘ —‘.l ¢ . ‘0

[

~Roiling velocity, rad/sec
(b) Rolhng VE[DClty hlstogram (RMS rollmg velocity 2.486 deglsec)

) Flgure 4. Contmued.




CE

. ¢
) :
] .
T ee—t - |
[ — ‘
A E———" ——
T - -
— S . . - — — e o - - rl~ _.
. ¥

~ [ —_—— fem— h o e
i
e e s e —

Bl

Rolling velocity, rad/sec

!
. Figura 4,~ Continued.’

——————— _
( —l.ll.lb
—
| ; i i 3
—

{b) Rolling velocity histogram (RMS rolling velocity 6,085 deg/sec).

IDU PROR e e —— —_——

I

I

|
P

|

|

2JU8..1n920 o Auanba.y pazijetLioy

4 a2 mn e b 21



T T T R EAE A SR S TR T e e

0] -

60 -

quency of occurrence

Normalized fre

501-- -

al

U -

Ly -

o . 10 _____ 7

I‘rt‘{[;

0&4 JL.@-L _&GE 5.

: 100 r...._.._____”‘ Lo

-

*LH‘Y

-'IU

g

L Ro[hng veiocdy, rad/sr"c L
(b} Rollmg velocaty histogram (RMS rolling velecity 7,108 deglsec)

Fiqure 4, Continued.

D14 R N R R T 1 A kv S« g gt



a0

,,
Kl

tod

ET’F'.

IRRREEL

oyd T

rrn 60

ey

T TTTT

RN

z

{de /sec)?

]
L)

Power Spectra,
b
Frrrar— =

T

1

| . | i
SULPLE el bRy vt
o g R

{ !
RRR .i:ljl!I‘.IE.!i:}I'iiiin:_:‘ulll".
24 M “h ;

e BRY
Freqiiency, Hz ,.
{c} Rolling velocity power spectrum (RMS rolling velocity L 769 degfsec),

Figure 4, - Continued,

ch
K




(degfsect _
Hz

Power specira,

1d

LN

10

T TTTI

|

CTTTHI

d

=
™

LTI

|

162

R

!

8
Frequency, Hz

{c) Rolling velocity power spectrum (RMS roiling velocity 2 486 degfsec).

Figure 4.- Continued.

gt _LLLLJ_LLJ_L[LI_LI 1114l l_l L J-LLLL%_IJJ_J.:‘ Lt IJ.,I [ANAER ! [RENER i.l.!._[ i-I‘LLLLLLl..IJ.llJ_l_J_t IALJ INERBA IJJ‘I l..l_l.LU_LLLl.H.l LLIJJJLLLLLLLLI i
g 2 8 ] 1 12 14 16 18 20 22 24 t 26

e

K

IJ.L [T E T Y "[‘-u’““"“"



8t @5V VNIOrI0

RIrTvAd ¥00g g0

seclz

Hz

Power spectra, {

16

—
=5

[T

1

[
=

1

2

PTTTTT

?

FTTTI

R JUTTT T
1 \ Rl
/./

PTiTHL

f

lrrridbind *.!!Ll.l,f
1] 2

.\Lf

\

X TY RS 'I'.‘!HJ_E,"!'{!_l_l_il_?","l,'f IRERREETRRE S ".‘_!i.i?_!i.l'LHi.'irh;i",I:;u!r_'ui_,!:;:.LL:'.‘
d ' 1% ‘ 20 2

by 17 16

li h ti 11 o
Frequency, Hz

{c} Rolling velocity power spectrum (RMS rolling velocity 6. 085 deg/sec).
Figure 4 - Continued.

nawbi‘:}»;‘h«%ﬁrﬁ.—f'amﬂ Vu»}*'r“:"e"‘“‘{ JRERTET

e



ide stn:)2
Hz

) Power spectra,

1f

R T T

I

RRREA

1

l

2

L_f|_”![,,||,;, H ; . "I" i i o !
b "';""l""tl" oy ;..I!:-a,~;.mhmuullqn_u_;m;1|

1t 12
Frequency, Hz

i

{c) Rolling velocity power spectrum (RMS rolling velocity 7. 108 deg/sec),
Figure 4 - Concluded

- r_u s VA L.l.ulu.h....‘r

caprneeg o o o
Lé " gpl ARERRN EIlLJLtEIx.H?h

14 o e gk s bty o s i =



nas

it
t=+

HE )
A

T

He

++111

R T o et
: et

S

1
T e o

|
-

I

T
o R
L e m e

0 R

J.d

'!'f

5 0 &6 0 ) 2

&5

Al
-
s
e
HERE =
Lt -
S L
g
Frde T
M1 hm
S
—- -l 42—
o — jes
: &
i - i1
rr\\

i

[RERE
{

IM'T =t
11 i

LIt

+

[

SR8 TEE TEET)

T

s,
‘39 [euipnylfuo] ‘ 98 8SJBASURIL ‘DB |BIIMBA

. ‘9jed ydid

bt .
S & [ ma s

+ -Gt ;, Ll
T‘Hbmlﬁ

T

e

%‘.rm

— -1 4
2as/bap
‘ajed |joy

‘ajed MBA

{a) Time histories (RMS rolling velocity L778 deg)seb).

Figure 5.- Measured motion characteristics using rolling motion velocity with typical 0-2 Hz inputs.



-

-1

A

17

TE oL

1
|

{=r

H-HH

i ) £ W W L L
Sl
: r.f., 11 . -
N R ! NN T
Pttt R W L1
T e s -
EEREE RN R B BEEE
11 _ —
o T mEE] i i
T
m

4

+

T

J i

11
o

S

= iy

Hr1

{1t

it

el

.F‘A.‘A
o e
ek B $
w4 — -
- -

- —
i H
- .
- -

s

-

s B

—
L =

i
¥ B |
ﬂ
M i RIGER
RS = W
. e 4 -
BT 1 g 1
Ealan SARS

3 h.m.nl‘xp, -

P

by

-+

—

=

i ol T 5 5 ) O

A
i . 8
e

RRURRRERRRE

ARSI ENNAE R

s, |
‘woe [eUIpN}BUOT ¢ *oe 3SJaASUBIL  ‘-0B [BIILISA

. ‘ajed ydid |

Ilept- <L o1+

‘a1l 110y

L3 ]

sasfbap
‘814 MBA

(a) Time histories (RMS rolling velocity 2.254 deg/sec).

Figure 5. - Continued.



ol T
yu BN
b EWIN |
- -led
Erel I
ke B
Fas 10
i < VL
B 3B =d 10 BN R
km TS
H
b DR
ll
I B
i E-TRE
T 8
v W A
-
Tt @
am B o
Hyrs 2
B T ~
“:vxm -
e T1 P
T =
—lhio L
.Iql.e >
" on
g o=
TEF
=g = &
=T =
-] - 05
A ~—
= T wn
rpan o .
PP S } -
Lo 300 SR
3.
o =
s DR
-] @
E
ot [
p= | —
= ©
o —

SRRAE

_.:,._ :4

s

¥ET: e em

R - Ty

b .

v..m

“*20e jeulpn)ibuo ‘ I08 3SIBASURLL ‘"0 |BIIJIBA

-+

st TJT1J|.| -

8% RIS =L

L

mm

17IERCgaE: - Semad

um&m%

‘ajed Ydoid

o

I

u&.&%

‘ajed |10y

I "~ M A R
A 2..r|v.?_ a4

gt

umm\amu

‘ajed MBA

tion velocity with typical 0-2 Hz inputs.

i olling mo

ICS using r

Figure 5.- Measured motion characterist



i l. 1 5 T'Lf

ssk

Aot

= S 5 I8

sl B,

WENA SRR

L ,.,.i._:,. JH.{_

Ay i

A

V.

1

L

)
L1

IR

}
PR

A

WERARRRRRRRRE

Lt

I IEEANER

4
17

5,6
<5k |euipniibuo ‘+aoe asiaAsued)

202 [BIIIBA -

‘ajed yaud ‘ajed jjoy

i

‘ajes mej

(a) Time histories (RMS rolling velocity 2. 254 deg/sec),

Figure 5 - Continued.

wrvars

St

i Bk b



1

i

RASRARGNRRRRERARNS

H

ty 4,048 deg/sec)

ocCi

U -

it

ST BR
ime, sec

T

P

=1

SRSRATRSRAERRRUInEY!

J

(@) Time histories (RMS rolling vel

RARRERERRSNAN]

= i
; 4 ERGET SN 1
i AR AB
L S S

g
1

RRSRRN!

L

W 4 Bip < ANERE. TR

St Ly

2as/bap
‘ajed yanid

M.w#..n._. ;
b i

“29s/6ap
‘ajed jjoy

m ‘*308 |eulpnyibuoT ‘ *3%e asiaAsues) ‘"I98 |BIILIBA

ORIGINAY,

OF POOR PAGE Is

QUALITY

,.0‘94_

s#h adeehdd - a

‘ um.n‘.\m%
‘ajed MeA

ire 5, - Continued,

e




¥

1
[SETIANERRREREE

AP PSS

T

ERREs aagn

6

gty

T

|
p bbb

:l;

!

T

RRRRRNERN]

, Sec
ing ve

ime

(RMS roll

1es

.

(a) Time histor

ESISIRTTINIITIsTIT

N

t

=
+T et
Bt 3 : -
i .
i} RS
i =y
=
4 Fa—_
=t . — -+
= — v
3 —
=k
=

v gt}

|

b o Saor ey

“*30e [euIpnyibuo] ‘"I98 8siaAsued| ‘<Je |EIIHBA

ORIGINAL PAGE IS
OF POOR QUALITY

L1

Sl :
2as/bap
‘ajed Udiid

MRS

.:W.wm .
R

‘ajed jjoy

i

Lh

2as/bap
‘aled MBA

copbr il

locity 6, 104 deg/sec.

inued,

5.- Cont

iqure

F




1oy P B bﬁ‘,"ﬂ‘l‘{f.:fm;‘w:‘ﬂﬂ-l i YA Ao bt T TR

OB e e e o e e
|
| I 1
eo}----- SN S R i
S - R R _ _
|| T
[
g S SN I - ni ot
g Qup - = - —_ , {_J -1
2 T B Sl 1
§ 50 ‘
- ¢
§  wi— T e 1 — - -t
L
30 - - e — tﬁ \
R | ]
ol
o ia,____.-__:fm.__ H (g S S PSS

(b) Ralling velocity histogram (RMS rolling velocity L 778 deg/sec.

ORIGINAL PAGE IS
OF POOR QUALITY,

” Ii;mgg_ velocity, rad/ sec

. Figure 5.~ Continued,

A gk

PO TR TS PRI IRy S

g T 1 e g, T [
CRgB g e 1L T STy T



Normalized frequency of occurrence

100

WL

20 |-

10

—— — 4 et % s e e
S« R EE -
ﬂ — -

S _l . | j ]Edh,__ H_-IM .
AT L

0 -
Rolling velocity, rad/sec

(b} Rolfing velocity histogram (RMS rolting velocity 2 254 deg/sec),

Figure 5,- Continued

RN

adees:



4

quency of occurrence

Normalized fre

100

oot

6O

S

lt’tﬁw

1y

e e

Y 5. .
 Rolling velocity, rad/ sec

(b Rolling velocity histogram (RMS rolling velocity 4 048 deg/sec).

Figure 5 - Continued

ORIGINALl PAGE I8
OF POOR QUALITY]

i

|

16

LY.

Ih

I

e el s bt b B S

a okt B3 kT e b o b bR P 1 2 e e




e e T ok TR R =
I

NS N | | 1
100 —-— - - — - _
L - - - 7- -"} - T
B - - . ] .- A
! | :
é sUt - e ] .ill. _ _
g
g LI
E lfi
Al
| 1 l )
ol Iur In L
0oL |
b - - H 1k . o i . ;!4}
it ] il
?;k' -15 BN =3 T 1o

==

i

4

20

_Rolling velocity rad/ sec ]
{b) Rolhng velocity hlstogram (RMS rolling velocity 6, 104 deglsec).

Figure 5, - - Continued.



SOC‘Z

Hz

Power spectra, {

1d

10?

1a*

1Y

—
=%
o

i ' [ -
E
—
- \ .
— \\\
— . .
P N / N
. S \\ ‘-/ 4/\‘\\
"m\\
 — ~ .
™.
hY

T TTTIT
~

l

HHE

T 1T T

FTmT

l

[

. ! ! )
et ot dereoe o e e e
] ? Y £ = i I ik X !

Frequency, Hz

f
:l:'“l|!i.}ll.Li'!J..l.l.i.“].ll,lil

(c) Roliing velocity power spectrum (RM3 rolling vetocity L 778 deg/sech,

Figure 5. - Continued

o 4l a0 d

}l!lllii}J;
4

i
24

:mru as vt ‘\"]"‘1. ,,.w,.ﬁuxl\%

-]érﬁ-»:-«w.“..‘. it



e AP ST e e s

{de sec)z

Power spectra,

1

id!

10%

h

10?

1

T

!

+

AR

T

[T

T

Frequency, Hz
{c} Rolling velocity power spectrum {RM3 roliing velocity 2 254 degfsec),

Figure 5.~ Continued,

s oo oo e e oo o wea oo Lo oos o e coder oo o
a 2 i b 8 i 12 1 i 1b 20 a2 oy 26

™

e r-l WAks YL AW [ TV



9004 J0
TYNIOTEO

2IFTVO0
g1 govd
[

lrﬂ-: -
e | ! —
(%] —
o
o3 —
N
= I
]
o b
o
g
(=N
v 2
% 1d ;
a -
10°

R

't
-

v Yo bl o o b i,
i i 1 E{H 2 o 2R

1

_Ll,|1IIL!.[{J_JJ_H‘_I_L{,I!Ili,llll_li“i"'?l.}['?ljH}H?_j.i_l.I.“il_'l'
a g L ; ]

F P 2 i
Frequency, ﬁz _
{c) Rolling velocity power spectrum (RMS volling velocity 4 048 deg/sec).

Figure 5, - Continued,

- "‘rl' I LAY LR AW [-'n.i.u‘.-.—u-.. U —.ﬁ'.w«.» N



1w —

l

1

TN

J
!
e

1

1

e

I

B

10°

R RERE

]

1 | I o, ) A ; - . o
”L!‘“:!LL‘[%!:JLL”1-1‘ II!HJEV B T R Lo
o E i : | l

F o il o
Frequency, Hz

&£

g

{c) Rolling velocity power spectrum (RM5 roiling valocity 6, 104 degfsec).
Figure 5, - Conclded,

r‘k Ca ke ¥ L &v[‘u—b;»—-u <-ﬁ—--.~.



LIttt

11t

RER!

]
|

T
\
1

1

INERSRRRNL ARURUARANES
|
yi

L

1L

Lt

SR

Time, sec

gl

%m\m%

s . ‘ajed Ydiid

*208 [euipnyBuoy | 278 9S43SUBIL D08 [RdIBA

ORIGINAL PAGE IS
OF POOR QUALITY

..u.w.u.\m%,
‘ajes 10y

‘81Bd MBA

-
—
—
=
= o
e EREp
-] *
-
o —
-
T —
ol
-t |
==
e 0L
=+
P
=
ks o1 B 39
BEwE :
Ll _
Lo 4 Uqlrﬁ — T
dupuvsins fegd

(a) Time histories (RMS rolling velocity L 579 deg/sec).

locity with typical 1-2 Hz inputs.

ing ve

ics using roll

.

Figure 6.~ Measured motion characterist



-

T

RERE

T

L

4

|

!
g

RRRARNNRE

II
[RARNAREN)

'

I+

. § 0

| SR

| S

il Time, sec .. |

i

RN
.nll
sge
et

nu : b e
et ‘ SRR
it Seld Fiue: S22 . S
,Fi.lil_ - 1} .m b “‘m‘ “ “
iR ’ T | I s |
TR 113 e G P
W “ 2t | A
g o () s g P g1 - R Lo
ot o L S B 2
ey ATy At 850 thaw
SO R e wanel AN G s By e el
e e
s IR e o |

3
i

L

s,6
228 jeulpnyibuot ‘ *oe asiaAsues]

‘308 |RIIBA

‘ajed Ydld

‘ajedt {|o¥

e +1d

Hi ]

i

Jas/bap
‘818l MEA

ol

(@) Time histories (RMS rolling velocity 2. 488 deg/sec).

Figure 6,- Continued,



HECE I N
I Lim
T
]
sz e
,u“Uw.w‘
B | - 7 LI IR
1o
-
daf 1
ik b il [
-=1T (S
- (<73
S wn
(7 S =)
S 1] @
....... 5% B Q
~~
5 N
gy o
i
= —
i i R
Hoiwl 2
Y @
, S B
— o
S E E
of = &=
— 3 [ m
=t — (=]
.,t,‘e.m ;
— »
g Ex °
] &)
" -
42 8 2
35 &
4.8
ol e (i et
B (B30 L TR —
— v @
4 =
-
i &
T —
1 5T g o
H ————— —
755 )t Iy
i NS i
giler i S ~
$=3 |4 LR TR ST L o
B ] s D
=75 TR L N 5w z
fll
S8hay dnxkr xumse Sy
V« - - 1 »
B R T e ]
_nl” - - -
- v i
| 1 i g 4
;e e I e
e 144 ! i iR
o“ P A WY S
] 41 1L e
. m e ‘.n.“
sy N o . ’
§ el b AT 0 01
L

_ 23s/62
298 [eUIBNIBUOT « 53¢ a5 ansue ‘a m..\muu_ ‘ Jas/b3p
L' vop popaapy 84 U ajes |0y el mep

ORIGINAL PAGE IS
OF POOR QUALITY




s.b 5.6 5,6
“+30e |eUIPN}IBUOT ‘308 8SJAASURIL “30p |BIjAA

uw&m%
‘ajed Udild

BENE]
‘el 104

2as/bap
‘ajed MEA

Pk
! i
- + - —
9 [
S
- .[ L
=
s i
e
=
- [2Y]
bl
Tv
A -
e, .
= 1
ezl
; s
- B
= 171 I
PSS I
-
= - =
B TP
- — e
2 - ‘,5
- - I
i T R bt
2 $
. = R
5 o (1 LM
D
TS - ]
= ‘on
ﬂ ot 2V ?m
I 37 8%
4 =g
— S
pu— - @
4 E=Z
i ==
— v
- =)
s i 4 - .PII
T & -t i=!
- o8
- C.al ; Ah
o e I .
! e sl
b SR >
- s [ P
- h o
= d —
l‘\
. -
4 hogr
4 -
s R
s - LT
N o }
Rl e
R 5 r., i ol «.,W
11 o |
e o !
i i v e
(RN i 111 1 r:ﬁﬁ —
- D -+ © AT |
.7.:.:,,:4: x:ﬂ,' oy - i o |
E IENE I I ERARE, (» 181 -3 I8 |

Figure 6.~ Continued,



!ﬁ”-?‘ﬁ?ﬁi‘v&-‘-‘uw-—wﬂw- 'v-"iiﬂl.rr- SR AT T 'J*‘"r‘-"'*”'?--'“’-’

et R i BT e o Y bty L o Y i Fdn L M o e

S e Cmr e e R AT e A R g BT i S e e

e e e T RS OPEERENEER I T RS S S RS A

— L LTI Tt
T e e,

Y

LTI LT -
——
YU A s |
—— e s — —d

. Rolling velocity, rad/ sec
Figure 6.- Continued.

(b) Rolling velocity histogram (RMS rolling velocity L 579 deg/sec),

100 ¢

U [ T — -
[~ L2 o, e

Ua.1n330 jo Aausnbayy pazijeutioy

rily

I
e

g e A SR bR 1



TR CP ST TEE TR TSR S O o

e, TS e {8 e - s
e e o A e .+ e e A 2 b RV — e aans ()
—
T
—————— P, At -~ S
%Ilil!-.l.o‘?l?trt
—
pRe————
: i
IV pa
— _ —_ — - - T
. —
e e . LT T )
1 — e e e —————— ———
—_— — —— - s e e —— ——— —————— e ————
— it e
[ — : .
. _— NS P .
1
e e T \ '
: | H
CTT T e e —

Rolling veloclty, rad/sec

— xll.l.l—ll
PR
e et
: :
..I»
A, —
. . : .
_ i =
_ : i s —_ ==
B . | -
1
» :
1
: ]
| S S 1 — !Lm
= - c = =30
3 i =3 & =

1an

S

tJ
fl

3JLa14n020 Jo Asuanbad Paz{|ew.ion

(b) Rolling velocity histogram (RMS rolling velocity 2 488 deg/sec).

Figure 6. - Continued




VA TR ST T A e

A sy TLA YT Y et A - - '

Normalized frequency of occurrence

g -

ED S [

lDD e i e L

ID e i+ e+ e

-15

ORlg

N,

T
|
N B R
L |
!
| | i
1.
LI
‘ Ao
R |
! Co s
Jl L]
S
|

o - ___..H[I.ﬂ._m.['l,
Rolling velocity, rad/ sec _

(b} Rofling velocity histogram (RMS rolling velocity 3. 742 deg/sec),
“Figure 6.- Continued

e e e e e

[

5~

wf

.

20

e g ke et T




Normalized frequency of occurrence

100

o e F

90—

80

70

60

50 -

40

| ——

I

| Setas—
i

.

30|

20

— |
L—-H_——!

10

-1

H ‘
SHI‘IH W | 5 o

~10 - 10

0
) Roliing vefocity, rad/sec
(b} Rolling velocity histogram (RMS rolling velocity 5, 249 degfsec).
Figure 6.~ Continued.

15



il -

T
N\

hY

/
/

i - M\\ / B ;‘f _.\

81 fgovd TYNIDIYO
T T 77T
//
\
!/
/
/I

ALTvAD 49004 40

T
-~

.

set:)2
Hz
1 TTT]

Power spectra, {
e

16

FrTTITT

|, ! o : ; ; .
leflLU';‘nl co R b i [ O T T S S TR AR R

¢ L H i 1

o

16

Frequency, Hz

{c} Rolling velocity power spectrum (RMS rolling velocity L 579 deg/sec), '
Figure 6, - Continued, ' o

i e € DA b e .- . - . ; e Sua e =




et A et e T A A £t g - BT

{d sec)2
Hz

Power spectra,

i
L=

14

1!

TTTTTT

oy U oy | N P | i 1 i |
tloris e bt .'u:.‘,e-'(;- AR R EEELE B T T R R ."!: o 1..';‘fiii-|=!5!:|ilu.‘1!
P 1 [ if 1% B 1r i v Ay Ty

F;fequency, Hz

{c) Roliingv-vei:i:iaty power spectrum (RMS rolling velocity 2 488 deg/sec)
Figure 6.~ Continued,

Fp—

N

. lh”bl—n.-_-—" S rl et b AR X‘I‘uy‘_%u



1d

E e AL B
TR e S

- =
2 2 - :
I -
= B N
% Eg' 16 b / \ a
%"@4 2 . .~ \\ -
1t = “ “\"‘\ ) “—_—
o N - I ‘
g, ¢ S
P T
3 A

l

) B \ —
3 s

% N

tl-.l i 0—2 \‘\

FTTTTH

l
~

l

1f°

[ TTTTH

!

I

=

16

.J.tLUJLLl[J.U.II_Il,!J.j_ll,l,l!i.iI.;!.1.11li:JJi'!l .!l!.-!m;»‘l:| R ETRT) R USSRV EER T PRRRINTY FRURTRTRAS IRVRURTRTY !
i ] 1 : Jih - RTREE 3y f_..n_|.m_.,A,_r ifihl.!llllﬂginu}-iﬂ séi_r_lm!JJ,!}QHL_!_,J._Hét

%requency. Hz
(¢} Rolling velocity power spectrum (RMS rolling vefocity 3, 742 deg/sec),

Figure 6,- Continued




et:)2

{
Power spectra, tz

1d

10°

ig?

(]
=

ERRL

J

Pl For T T

,/
/

7

l

[T

I

i

1
l! NRREERLARRNRENAN

i i H i [ I
o e oo e e e s e o
n} 2 4 [ 8 Lo 12 14 16 ie 2n

Frequency, Hz

(c) Rolling velocity power spectrum (RMS rolling velocity 5. 249 deg/sec),
Figure 6, - Concluded.

29

2u

28

ru. tZa. 5L & vi--l--“-'-'"’



mfj['vnﬁ HOO0d 40
gl 4ovd TV NIDIHO
g's

» Transverse acc., Longitudinai acc. ,
g's

Vertical ace.
g's

Pitch rate,
deg/sec

deg/sec

Roll rate,

Yaw rate,
deg/sec

' r T T T  RE
[ ) o il ] | ; J i ; ] !
i S , : : ; : i
I SHul Sl WO (o) phals Jadng el L i R
-2 ., 1 , | " e L.i:..T
1 | 4 i { ~ 4 R i

%
:
f
]
|

P SRS
xs s nEApK

o

,r
et
|

Im
t

4

]

i

|

]

t

1

i
1

I

R

1

}

|

e

i

1

!

¥

T

1]

)

|

|

T S T O O ] R T
’?.gﬂ"_’v‘wwrﬂ L "“M-JH —“'MMMW[W.W.U .!"\i".“‘_ NAy el WWWW .H?‘.A"T.‘.f"‘ld‘j’-v e
[ ST ' . o ’ | ; I | R o i ¥ i RO I
=) i 5 : | ! i 5 .5
l ; j 20 | 4 i
ik | . i
= -<I> = = . _._ o = .‘ T 8 A8 .|.._ |- T = .._..,_r..
. . | | ; N
y { | + ]
MLA&*:@MWW A R rda :
8 NN N B I el = '
i -+
WWF’TWWWMVﬁmmﬁﬁ e
T T o e
i I; | . : ' .
. ey ! ES INCEE TR0N1 NDNUN NNEES PRand DURy: Kench e
1-4 : i: " T{
= : i
.:p". ‘ ! | g -l ]
G | i ! i
=20 ;- st : ’ S ) o | i : v, j Y (. L Y] (S ~..;'__;...
’ ; ' & L l i - |
! | i
|

H
Sl
|
|

| aRRANTTNA ST RRNR U ARNRTURESOUTURRENn] NRRRANRRRE SNRRURUUNA FRURRRNNNE FRRRURRURCRAURRRUR] INRCRCNT ;
' TEEMEUCRET TORSUEREIE TR B TEERN DR 1D R~ MR s AR e L

Time, sec
(a) Time histories (RMS rolling velocity L 532 deg/sec).

Figure 7.- Measured motion characteristics using vertical velocity with flat 0-1 Hz inpuis,



b b - e ‘ ; :

R e I, ! . o]
SEAE ! € 5
By !

S _. P !
il O At 0 (oY IS
. & .M .1 B (V)

| - 1 e S . R
EERees FeanrEaEs: oo I,...;
i P I
A s o e e
pinan | € Shmen sme
| | 2l K
N - EEel
o A : i _ — -
“ e
] , H
T . e I I )
! i

16

T

A EE
: ™
[ANRRREEN
o

|
IHI%IHI

15

o
Time, sec

AENIRRRLRRARANREN

i l
it

T S [ S5SNI

]

RITRRERT!

R T
O

4

s.b

‘*23e |euipnyibuo] ‘08 8staASURIL

‘328 [BIIMIA

L1
IR M.m:n

Jas/bap
‘ajed joy

W & _ =N
‘m ! $ = L
i s = e
MI* i 2 & myx
i 05 g g S8y i o s Tl e
+ 4 m ‘ _‘JM” ot mu.‘
— s - ! I 3 —
Baa W | e
gt i Hunhi e
R

-
-

, -ZDT:'

=g

Jas/bap
‘ajed MeA

(a) Time histories (RMS rolling velocity 2. 271 deg/sec).

rigure 7,- Continued,



b

+

=
g - T T .
1T i - 4* : :d _ i . —_ T
5 AT &9\ : L 17 0w I o e i (08 i
il L. ,_. ! il T i ; i g |11l i
] : , g i i ! el T
7 O S T e Z_.,!‘ L # 5 1o 1 I i3 i1 —:» T
44111 <) B/ i Ja &% iy i {20 rd L $ 4
_ 1 . - f " T 1 Ql
Fod M | & ; i i oce ik H w T " g, (-3 1B
L . ! L$) 53,23 3 W S T L1 61 [ j -1 .

Ei] ek cel LELELE e A AT N ks
,.ﬁl Ldag . . ,.” : .: fob g i & |
IS B e o i o ﬂ S _ y
t ] 4 . b el =
o i 3 MW; L T W =¥ VLG R SO SR (Y
4 } st i B rt —v., o %) i IS g bt i
<1 i ! i oy - | ) 3

i [ } i
5 !

1111

[ =g ok m.
..... . ¥ i AN B
1 1 2 LA _. ,.W LI -
! i - % - ) 7 | s e I
BT < SR (e T s g M ..i_ ; Trg grmar iuﬂw«

BEEEES e B

A e , § ! o b v e

o NN ET i =i

3 v & N i SR o ] o
TS T .I.t W.,Jw- £ IS

: i . j o5 7]
P < B Sl o " A {5 it (o KR
1 el % _ . - @
H . = i - vy
[ b S Syl i T ~1 1
* ; & = _ chTigd &
._ . . ey el
“ u ' 9 Icﬁl.-T!
| i s o R i e _ 4
| s ! H § L ISP [
TP 3 i - m v i
) - 1 Vl S

! , 1 i |

RRERERAN]

.ﬂP
2]
s I o o
.,. ¢ - v L _ b ‘...-..
: ; T T T 3 5l bt
e el L R i
ey : e _.._.ﬁi.. -1 o S50 Ry
b ') M W;u z~ v, Ry - 3-at
: ww i | ot ol L i e 4l B et -
vv_..nnvm i1 EA RS ER A H o = i e S
s i 3% pany Eng s Bbn - “Siiq pmany in i e L f= chak

s,b

5,6

s.b

i
“+30 |euipnyibuo] ‘98 asJaAsued]  I0B [RIIBA

2asfap
‘aje udid

Jas/bap
‘aes 1104

2as/bap

‘318l MBA

: RE

bm e 1 itk { -

..;., 1 183 - S
e s s 3+
et s, AEERY Fus pRasasd ._ = e

. SBEA KRRRE=TNR A - H R e B+

x,«...‘rhﬁ.%u.,ﬁ Cr PR N RS R +i@ g

018 R M (25 (TR N L5 0 Y 8 AR o (1 BRI | Ha

(a) Time histories (RMS rolling velocity 7. 136 deg/sec).

Figure 7.- Continued



-+ 4~ 4
i

1
bt

e T

1
!

|
V\NTW
1 i
Jlll!tlll LLtrbgrtd llllillll 11

| 2 : . :
ppartreredrerdng

1
|
LEELY ) L)

1
|
L

|
NENNNENE

—t=p
'

1Tl

.. ”._...,_.M,.‘W._.M?;

“*30e [eulpnybuoT; ‘ 98 9siaAsuRs| ‘DI [BIIHIBA

Jas/bap

‘aled Ydlid

r-.@.s ﬂ

2as/bap
‘ajed |10y

u+i e s
i 11

-}

2okttt

L1
- -
2.

0

28s/bap
‘ajed MeA

P AH

{

locity 5. 814 deg/sec).

e

1

ing ve

1)
Time, sec

(a) Time‘ histories (RMS roll

!

Figure 7.- Continued.

§

i

?




i -..’...-.-J-.--\.J.-.- av.a TV TJ‘ o

o

-—— ettt - —m— v o —— e
e e
— S I
|
lllllll - 3 e m——

[ ||I||-J| --
L vctenusinwaooger |
e T i e S e |

X

s -
9

U2

80,

83U2.14n220 jo Ajuanbaiy

4 ‘*
30
20

pazijeui o

. Rolling velocity, rad/sec
{b) Rolling velocity histogram (RMS rolling velocity L 532 deg/sec),

Figure 7.- Continued,



LRI Ko | Tri

A 7r1nJA T

N s B

q_ ———

! _ _ ) g e
— T S anan ! i
| | e —
| o == HU
— e e o=t g bt =t _
_ | B i
| ! e
e e B e £ DAY W
| | | _ e R
| I G
2 ! A B
m ,w : ! 1
i “ “ ._ _ ,‘
' I i _
| H ; _7 —1
| m =
| | -
N P R S I _ ;
m a) {18 - [{5] TRl = ] Al —

a0Ua.4INI00 jo Aduanbsij pazijewioy

8

B

]

| Rolling velocity, rad/sec :
(b) Rolling velocity histogram (RMS rolling velocity 2 271 deg/sec),

Figure 7.- Continued,



B A e A e AR 128 e g

1%..,11-% |
| | | | |
| S
{ ! | _
| A
- - — R i_ _ i ==
“ 7 =
_ ! _ e
m |
4 _ ! St I
s SOV S AU S .H..rmﬁm_ et it R P
| | = -
i 4 - — T

ng velocity, rad/ sec
(b} Rolling velocity histogram (RMS rolling velocity 5, 814 deg/sec),

Figure 7.~ Continued,

e Y T T

__ ST S

s Lo T T T _
“ 0 iy i =t I | m .
= = S i S E e s e T —
, =1 S S | 2

; ¢ = et ittt BRI — * |

B e _

. T g _
- e il |
o JR S, S— —— e R A
ﬁP _ 11_|||;|d :
el — |

.

!

H

i

X

f

!

g
|
|
!
!

|

|
I

j

|
B

1] i

i

——— .

fa ]

fp ] = :
bis) ™~ © F

100

aJuasndo jo fovenbad) pazijeurion

ALITY

' PAGE IS
POOR QU

ORIGIN

P

L U R



I

e A, e AL O

T [i¥]
I
“ g ]
! i
I 1 o
| ! S Fi
N
- 4 - : ﬂtrﬂu wo m.
m Hn..H_ ]
. sl DA - R
| = -8
i [ ™
| [ * : | N
S il - I N P )
| e R
- . @
! " re =
- =i gz
_ | 2 £
NP B ! P
CrE==s—a ST
N S JURSUUIR U | s v
i i == ge
I e 2=
[ T ! | w £
—— T _
— =.E] mru:
| pime! v b=
! e — =
C T &=
rl!...m.lllu uw..
, " m
= = S
o = A o
ﬂH..H_ d P.m
— | 182
T ] d b [= R
e - T e
Fo _ ‘
S
==
1
: b 2
T T T Ml "
i
! _H._.[
[
\ . ,ml R . S SR A Hm,
8 g 3 2 2 B 2 3 8 E =
=

a3u244n200 Jo Auanhaly pazijellion

Figure 7.- Continued.



sw.-c)2

Hz

Power spectra, (

1d

1f

10°

ik

162

1

FrTTm

!

T T

I
i

RN

T T

I

;

PO

!

1;/.
/

AN
T~

\

g

ooy b . | R B i
U_UHLHU:i’lllﬂl..H}llill!.tllél_ltifj:l E:.'::'!.".'-’l'uii'.-f.‘ i:;‘?“7|1i'{l i\'fll:.;i':f'.a-ill‘

! ] i PR SR
' e =H1hll}||.ltlllilill,l{}_iljell_ilx.
1y 1 e if 15 vooED 2¢ 21

Frequency, Hz o
{c} RoMing velocity power spectrum {RMS roliing velocity L 532 degfsec).

Figure 7.~ Continued.

f

2t

i
¥
i
§
k!
s

e L 10 i SRV



e bmammme e 12 e m et e A B LTI b S e o BT T AT T b

1d

FTTTIN

r; [URFOREART T 3 v[ U F.q.m-_...-

)2

sec
Hz

I
s

Power spectra, L

IRRERA I
3

i
P

16° \

! : ! ' ! ! ; H : ; :
L JSRUR TR RS RS R RN S S R UL P SRR E UL RS EFRARY FERRY K LA U SR RESU N PR TERY S RS R Y ST EY S R N RS
U0 2 Y & £ Lo 2 o L5 18 21 o 2u “
—— Frequency, Hz
(c) Roiting velocity power spectrum {RMS rolling velocity 2, 271 deg/sec),

Figure 7.~ Continued,

B B R R s LI T b b A

e e A - R e BT B RS



§1 movd TVNIOEO

(deafsect’
Hz

Power spectra,

1

Rl

NTT

1d

FTTTHA

!

l

FITHIT

l
(,,
N
{

~

=

,..
=
r

T T I I
!
{
//
)

SRR NSRS S KRN LN AR RS PO SN PR b L T
. 3 y & 5 7 A i T Ll e '&'AJ-"]_'E}-L‘duwﬁ'“_'MIdéﬁL;'_Dh;‘é!lfJAu'uiEV:QJF_-‘.
Frequency, Hz

{c} Rofling velocity power spectrum (RMS roiting velocity 5 814 degfseck
Figure 7.~ Continued

D il ki Nt bR e s

: ‘-%»rf;w

r‘ N PRy 9 [[‘:‘*ﬁ","-"‘"“:; e

A e e et



2

—
=2}

.(deglsec)
Hz

-
=y

T TTTHI

Power spectra,

162

16°

) ! b !
ﬂqLJ_i_LL.LL' ,_g,_‘i',lL..uLL,'L it l,lJvéJ Practenin bl
3 ; ,

a
.m ‘\J

P

[ ! vicboo s by b b

TSN R U AN E AR R RN DU REEANRE SRR DR
- Td 13 15 :

1%
Frequency, Hz
{c} Rolling velocity power spectrum (RMS rolling velocity 7, 136 deg/sec),

Figure 7. - Concluded

0 e W S T T A TN el M s et T ek T A A

Pl

35

IZITII'EI:II'H?IJ_!_i
3 o8

N

[J]_' LCads ¥ LR *'[‘-""—__



[se B

-. S
PO G PR N 1
Sets Senul EEno] s
ool (68
A e s SRR I»T;.
RN 1 =
bt 22sg e it
ot !
7Y DT i UL = :
ot IS -
U 0 B BONS
SRS I e ey
SEECEE AR GEat ot
. Lot = H
L LR TeTE
ERaR e Fy
| i i
i =g
B i —_r=t “
| s - L
ST A I n +
el G v o e |
] IJB.d.!.l_
i PR ol
k HH o
il &
- AR
4 i 141 ©h
i : ! I ALY =
t 4 i - R
2 1 1 e 1 [
R M ~H R
| SR RO ———— ‘..Uii.. _— -
T3 tt - - @
i = = B
i i | gt o £
T : I.QC =2 =
5o . | 4 @ 2 5
i T O ow
s T oy
w e II.,M; o £ !
SR EN Ak B
b o el ™ Eop
- % - v =
1 M e  J4--2 =
3 £ o i
3 = gors =
o : —
: i T =] &
_ 8 g e
i Lo PT
$ o O
4 g - -—
ek 3 — .
LEE = 3\ B L=
y AN S S—
i 1= - SR -
B G u 0 m
RN 90 ol (Rl 8 | = —
BT
ST 1 4 S R
sex g0 Swans rame
i ‘ . e
3 =00 adlest
i SN Shape
F - 4 (57T o
LR S | g =} .
1 ! f = :
. { < + s r
Sagiimme M S _
s S ingut ] pll ' ha e _
1111 RN N S|
[~ 1 o~ TR
} h"._ .

RERLT "sw”._ﬂw“ saEed
p ' 5,6 9as/6ap 2as/bap Jas/bap
"398 [euipnyibuoT ‘*20e asJaAsues] ‘9B [BILIIA ‘ajed Yojid ‘ajed |10y ‘ajed MBA




.......

+
-
3
5 -
Ted 13 | B
, I i =
||r.|||“|.l'|.i ¢ lt.it.n_'! o de e e clh _ . I —
- ey o .M. v V . : ”
v iy L P
o 1 H ! -,
. | , 3 IS
q . R 45
& Y T ¥ i i M =g
i ; : 3 -§ o)
< i b [om |
- = g b= s 5 - H T _m .lcl
L 4 et i PR e at £ =
RERH TN SUIEG SN BU (S R | N R T
: Lo ok

T

Time, sec

!

(a} Time histories (RMS rolling velocity 1, 981 deg/sec)

-
5 SRS e e Wt I R
R B =
. { s f~ = & =
= ——— e T T et
ek o ; T, H 13
; 4 : =
s 1 i T i [ =]
gy 41 H Bt ARE] S eaiall inos. N LS
+ 1 Ha L - SR g4
g . it il - RSO cna hens
$ = i1 iy
3 i3 i EE Rt JT wainn b
. 8 B | i Wi
_ EiA ! R simmm
i i

.::,__.v

g ‘

|

Ld

i B

11

‘208 jeulpnyibuo ‘oe assaAsued)

11

s.b

55 e feat

7308 |e3NIBA

‘sled Ydid

4t
bdoa

.
1113

=)
_2 .

J9s/bap

‘a1ed |10y

B3 S ST M

J8s/bap
ajed MeA

Figure 8 - Measured motion characteristics using rolling velocity with flat 0-2 Hz inputs.
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Figure 9,- Continued,

(b) Rolling velocity histogram (RMS rolling velocity 2, 220 deg/sec).
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