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AIRCRAFT MOTION AND PASSENGER COMFORT DATA 

FROM SCHEDULED  COMMERCIAL AIRLINE FLIGHTS 

By Marta G. Gruesbeck and Daniel F. Su l l i van  
Department of  Engineering  Science and Systems 

U n i v e r s i t y   o f   V i r g i n i a  

SUMMARY 

This   repor t   presents   data  concern ing  the  r ide  qual i ty   o f   a i rcraf t   taken 

on  board  commercial a i r l i n e   f l i g h t s .  Four types of data  are  included: 

0 Root mean square (rms) values of l inear   accelerat ion,  

angular   accelerat ion  or   angular   ve loc i t ies,   a long  wi th  

passenger subject ive  evaluat ions;  

0 Power spect ra  for   the  mot ion  in  each o f   s i x  degrees o f  

freedom; 

0 Scattergrams showing the  probabi 1 i t y   d e n s i t y  of the rms 

acce le ra t ions   in   the   ver t i ca l  and transverse  direct ions;  

0 Probab i l i t y   d i s t r i bu t i ons   o f   t he   mo t ion ;  

0 On board  noise  levels  during  takeoff,   cl imb,  cruise, and 

descent . 

I NTRODUCT I ON 

The purpose  of th is   repor t   i s   to   p resent   r ide 'qua l i t y   da ta   ob ta ined from 

an i n i t i a l   s e r i e s   o f   U n i v e r s i t y ' o f   V i r g i n i a   f l i g h t   t e s t s  on  board  commercial , 

a i r l i n e s .  These data,  gathered as p a r t   o f  an o v e r a l l  program t o  determine 

passenger react ion  to   shor t -haul   a i rcraf t   env i ronments,  have  been  used to  

generate a "comfort model" descr ib ing passenger reac t ion  to motfon ( 1 ) .  The 



data were accumulated  during  the  period from 17 January 1972 t o  29 March 1973. 

This   repor t   tabulates  the  data so that   others may use i t  i n   t h e i r  own research. 

Being a data compendium, it is   necessa r i l y  voluminous in  an at tempt  to be 

complete;  even so, 'it cannot  possibly  contain  everything. Any add i t iona l  

d e t a i l s   t h a t  may be  desired will be supplied on request. 

EXPERIMENT 

The exper iment   cons is ted  o f   carry ing an instrument package (Figure 1 )  on 

board  regularly-scheduled  commercial  aircraft.  The environmental  variables 

that  were  measured were  angular  motion  (pitch, yaw, r o l l ) ,  1 inear  motion 

( t ransverse,  vert ical ,   longi tudinal) ,   noise,   temperature,  and pressure. 

Table I ind icates  which  var iab les were  measured  on each  type   a i rc ra f t .  

A i r c r a f t  motions  were  measured f o r  10 - 30 second i n t e r v a l s  spaced from 

two to  four  minutes  throughout  the f l  ight .  A t  the end o f  each. 10 - 30 second 

sampl ing  per iod,   test   subjects were  asked to   reco rd   t he i r   eva lua t i on  o f  the 

comfort o f   t h e   r i d e  on  a one- to - f i ve   sca le   w i th  one being  very  comfortable 

and f ive  being  very  uncomfortable.  When possible,  a quest ionnaire  (Figure 2) 

was d i s t r i b u t e d   t o  each  passenger t o  de termine  h is   reac t ions   to   the   f l i gh t .  

The instruments  recorded  the  motion  data,  subjective  response, and 

pressure i n  mult ip lexed  form on 1/4-inch  magnetic  tape. The analog  data  were 

then  converted t o   d i g i t a l   f o r m  and analyzed by  a d i g i t a l  computer using  the 

Langley  Research  Center  Time  Series  Analysis Program (2). A sample o f   the  

analog  data  appears i n   F i g u r e  3 showing typ ica l   t races  for   comfor tab le,  

neutra l ,  and uncomfortable  condit ions. Values f o r  temperature and noise 

leve l  were hand-recorded.  Further  detai ls  on  the  instrumentation and data 

reduct ion  procedure  are  avai lable  in  Reference 3 .  

2 
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FIGURE 1 PORTABLE  INSTRUMENT PACKAGE 
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TABLE I 

MEASURED VAR I AB LES 

No. o f  
A i r c r a f t  F1 iqhts 

A 61 

B 4 

c .  12 

.D 43 

E 34 

F 14 

L i near 
Accel . 

X 

X 

X 

X 

X 

X 

Angular  Angular 
Accel . Rates  Noise Temp. 

X X X 

X X X 

X X X 

X X X 

X X X 

X X X 

Detai  led Overall 
Test  Subject Passenger 

Pressure Response  Response 

X 

X 

X 

X X 

X X 

X X 



1. 
3. 

4. 

11. 

12. 

You m d  not onswcr any question that offends you. 
Please indicate  only your f i n t  impression on cah qdion. 

&--- 2 S e x : O M  O F  
Education: 0 High School not completed 

0 High Schml completed 
0 College 

0 Craftsman, Mechonic 

0 Profersionol, nontechnical 
0 Professional, technical 

17 Armed Forcer 
0 Shdent 

Occupotion: 0 H o u r d f e  

0 Secretory. Clerk 
0 Solerrmn 
0 Monoger, Officiol. Executive 
0 Other- 

5. lndrntly of Employment 

6. Appmximatc Harsehold I n c a  (before 1 0 x 4  : 
0 Under $5.000 120,000424959 

$ 5,000-5 9.999 0 525,000429,999 
$10,oar$14.mp 0 $30,m$34.999 

0 $15,W$19,999 $35.000 or mon 

7. WhDt is the pr imok purpose of this  trip? 
0 Business 0 Persmal 0 Othor 

8. How doyou feel obwt flying? 

0 I hon no strong feelings obwt flying 
0 I loveflying 

0 I dislike  flying 
0 I fly bccouv I hove to 

9. Approximately how mons tim hove yar flown In the W 
ko yean? 
0 N-, this Is my first  flight 
0 1-3 
046 
0 1-9 
0 I O o r m e  

IO. Har importont  is eoch of  the  following items in determining 
yarr feelingrof  comfort? Rank them using the n u m k n  f ran 
I 109, with 1 reprernting the most importon), and 9 the l e a s t  
important. Please usc each number only once. 

D r e u u r e  chonges (ears pop) 
-Nux 
" T e m p e r a t u r e  
" L i g h t i n g  
-Sot comfort 

,"--side to side motion  (rolling) 
"---up ond dovn motion  (bouncing) 

-Work qmce and  focilities 
-Presence of smoke 
Other 

Place o chcck in the box which describes t h e  importunce of 13. Hav difficult dar t h e  motion of this  flight make tho follow 
coch of the follcming in determining your sotisfac- I n p  ativities? 
Hon with on oirpione ride. 

Convenience 

c a t  

Reliobility 

safety 

Tlm hv ing r  

Ability to Reod 

Ability to Write 

Sewices on Board 

0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  

Surrwndings 0 0 0 0 0 

C a u i h r  the  motion you ore experiencing. Indicate your re. 
oction to this motion by checkitqthe oppropriote box: 

0 Verybmforhblc  
0 Comfortoble 
0 Neutrol 
0 Uncomforfoble 
0 Very Uncomfortotils 

Coxentrotion 0 0 0 0 0 
Reading 
Writing 

O D 0 0 0  

Sleeping 0 0 0 0 0  
0 0 0 0 0  

14. After experiencing the  motion of this  flight, I would: (Check 
m l y  o n )  
0 be eoger to toke omther flight 
0 toke o d l e r  flight (withwt any dwbts) 

0 prefer mt lo toke onother flight 
0 toke  omther  flight ( k t  with some doubts) 

0 mt toke onolher flight 

15. Suppox o high-frequency shuttle service ( 8  or mare round 
trips p r  +) werc omilobie ot your lacol o i rpd ,  scheduled 

amne distonce owoy. Would you use the shuttle insteod of 
to c-I with  flights  of over 300 miles  from o Iorger o i r p r t  

ground tronspeotion to the  lorger oirport. i f  the ctnt *re 
carpetitire? 

0 Yes O N 0  

16. Suppse o 25.parrenger prop jet f l m   I r a n  on o i r p r t  15 
minutes from your home or office to cities within 300 miles. 
Would you use this service rather than trove1 to 0 mojor  oir- 
p a t  on fwur owoy? 

0 y e  0 No 

(Plcose see loa pogc) THANK YOU FOR YOUR ASSISTANCE 

F I GURE 2. PASSENGER  QUEST I ONNA IRE (DECEMBER 1972) 



+ S  
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COMFORTABLE  NEUTRAL  UNCOMFORTABLE 
YAW ( D e g I S e c )  

PRESSURE  (Psia) 
+20 - 

0 -  

ROLL ( D e g I S e c )  +lo T 

PITCH ( D e g I S e c )  +IO 

0 1  

-10 1 
- " - - 

2 
3 
4 

I I 

COMFORT  RATING 5 n, 
I 

LONGITUDE (9's) +.25 

- 2 5  1 
TRANSVERS 

POINT 1. D. 

T IME  SCALE ( s e c )  
I I nlr 
0 IO 

FIGURE 3. TYPICAL  MOTION  TIME  HISTORIES 



AIRCRAFT DESCRIPTION 

S i x   a i r c r a f t  were evaluated i n   t h e   t e s t  program. Deta i led  descr ip t ions 

o f   t h e   a i r c r a f t   a r e  found i n  Table I I and Figure 4. 

I t  can be  seen t h a t   t h e   a i r c r a f t  wing  loadings  varied from 29 l b J f t  to 2 

115 lb/ f t2,   ensur ing a wide  var iety  of   mot ion  environments.  It i s   a l s o  

important to note  that   there  are  considerable  d i f ferences i n  seating  type 

and spacing among' t h e   a i r c r a f t .  

DATA 

Rms Motion/Subjective Response 

The  rms  (mean b iased  ou t )   va lues   fo r   a l l   o f   the   mot ion   var iab les  have 

been tabulated  along  wi th  the  subject ive response of   the  subjects  (see 

Appendix A). Each page represents one f l i g h t ;   F i g u r e  5 i s  a  sample o f   t h e  

rms mot iodsub jec t i ve  response  data. As d i f f e r e n t   d a t a  were obtained 

depending on t h e   f l i g h t ,   a i r c r a f t ,  and a i r l i n e ,   n o t   a l l  items  appear f o r  

a l l   f l i g h t s .  

The code  used in   t abu la t i ng   t he   da ta   i s  as fo l lows: 

7 



TABLE I I 

A I RCRAFT DATAn 

Engines 

Wing Pos i t ion  

Length (ft.) 

Wing  Span ( f t . )  

No. o f  Passengers 

Empty Weight (lb.) 

Max. Takeoff Weight (lb.) 

Wing Loading ( l b . / f t .  ) 

Takeoff D i s  tance (f t . ) 
Landing  Distance (ft.) 

Wing Area (ft.) 

Cru ise  Veloc i ty  (mph) 

2 

A 

Twin 
Turboprop 

Low 

86 

105 

60 

33,900 

54,000 

53 

3650 

21  70 

1020 

300 

B - 
Twin 
Turboprop 

High 

83 

95 

50 

23,200 

45,500 

60 

5730 

21  70 

754 

300 

C - 
Twin  Jet 

Low 

100 

93 

115 

59,235 

113,500 

115 

71 00 

4660 

980 

570 

D 

Twin 
Turboprop 

High 

53 

65 

18 

7,400 

12,000 

29 

1230 

1500 

420 

200 

- E 

Twin 
Turboprop 

High 

62 

72 

29 

15,500 

23,370 

39 

41 00 

2060 

592 

230 

F - 
Twin 
Turboprop 

Low 

44 

46 

15 

6,600 

11,500 

39 

3245 

2500 

374 
260 

$cFrom Janes, Al'l The Wor ld 's   A i rcraf t ,  1973. 



b. Aircraft  B 

F IGURE 4. AIRCRAFT  THREE-VIEW DRAWINGS 
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C. A i r c r a f t  C 

F IGURE 4. CDNT INUED 
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e. A i r c r a f t  E 

A 

? 

f. A l r c r a f t  F 

FIGURE 4. CONCLUDED 
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DATA POINTS -- ~~ 

POINT I O  T I  HE Y A Y  ROLL PITCH LONG TRANS 
5 / ( I  ( G I   ( G I  

VEPT SUBJl . EUBJZ 

o.on 6069  1.35b3 
lDSPl203362 1.99 - 1 8 9 2  .3824 

~ 3 0 9 7  
.Jll5 

-1159 . [ 4 0 1  3 3 . J 081 
103-383 7.03 -1433 ~ 3 2 2 1  

.L238 2 
. 0 5 2 0  

2 

103P1205384  10.11  -2619 .5470 ,1818 .OJ32 
3b92 ~ ~ 2 5 4  

- 3 1 5 5  .c279  
2 
2 

3 

6 1  
2 

103P1207366  16.08 ,2944 
-5365 

,247s 
.2340 

~ 0 0 8 5  
1 0 3 m 7  19.18 1485  

- 3  133 . L 3 6 i  
2879  ,1505 s J G 1 4  

3 3 

103P1209388 22 .51  .e094  ,3606  -1681 -1115 
J068 .2188  2 2 

103P1210389 24.45 
. d o 8 1  ..2C6 2 

. d l 4 9  
2 

1 0 3 P l 2 l l 3 9 0  26.75 . 5 3 2 1  .e867 .281J ,0117 
, 0 1 1 4  .L435 . 3 3 

1D3P 1 1 30.46 30GC .7358 
* J 127 -623u 2 

. a 1 0 8  
2 
3 

lD3P1213392 32.12 .6b73  1.4681  1.1623 . b 3 9 3  . J169 
. J 387 ..489 3 

.122. 4 * 

-4685 
-1646 
~ 1 5 7 1  

* 
.a297 

.5226  1.0402 . .3034 

,3703 

SUMMARY -- 
( O E G l S E C I  (OEG/SECI lDEG/SECI (GI I t )  ( G I  

Y A Y  ROLL PITCH LONG  TRPNS VFRT 

lVERLGE RMS ,4164 8656 m 4682  -3161  -5114 . C521 

S U 5 J E m V E  EVALUATION -- SUBJl SUBJP  PASSENGERS 

AVERAGE 2.5600 
STANO. OEV. 

2 .5833 
6455  ,6401 

1.8750 
.5995 

O V E R T C D W I N G  2. C E C O  2.0000 

WMBER  OF  PASSENGERS  RESPONOING TO OUESTIONNAIRE = 8 

F IGURE 5. SAMPLE rms MOTION/SUBJECTIVE  RESPONSE  DATA 



DATE 

FLT. NO. 

TE R 

OR I G:: 

DEST:? 

TOD 

TOA 

., A I RC RAFT 

Month,  day,  year 

F l i g h t  number 

Terra in ;  can  be "FLAT'I, "HILLY" o r  l'MOUNT.ll 

O r i g i n  o f  t h e   f l i g h t  segment 

D e s t i n a t i o n   o f   t h e   f l i g h t  segment 

Time of   depar ture 

Time of a r r i v a l ;  these  are  the  scheduled  times  unless 
otherwise  noted  in   the  f l ight   logs 

Y - A i r c r a f t  A 

F - A i r c r a f t  B 

T2 - A i r c r a f t  D 

T3 - A i r c r a f t  D 
. .  

B - A i r c r a f t  C N - A i r c r a f t  E 

T - A i r c r a f t  D V - A i r c r a f t  F 

SUB J Subject  one/subject two 

AIRSPD;'+ Airspeed  given i n  knots 
A LT;k'; A l t i t ude   g i ven   i n   f ee t  

WEATHER;"; CLEAR CLOUDY SNOW 

FOG TURB--turbulence 

R A I N  L. TURB--1 ight   turbulence 

WINDSPD;'=': Windspeed in   kno ts  

WINDDIR;';;: Wind d i r e c t i o n   i n  degrees 

The or ig in-dest inat ion  abbrev iat ions  are as fo l lows:  

A I Y  A t l a n t i c   C i t y ,  New Jersey 

BAL Baltimore,  Maryland 

C HO C h a r l o t t e s v i l l e ,   V i r g i n i a  

C RW Charleston, West V i r g i n i a  

DCA Washington, D.C., Nat ional   A i rpor t  

E WR Newark, New Jersey 

;?See page 14 f o r   a i r p o r t  codes. 

"" ;-:.AS repor ted  by  p i lo t ;  for more precise  informat ion,   Dai ly Weather Maps can 
be consul  ted. 

13 



HS P Hot Spr ings,  Virginia 

LWB Greenbr ier ,   West.Virginia 

LY H Lynchburg, V i r g i n i a  

ORF Nor fo l k ,   V i rg in ia  
.~ .  

.. . . .  . .  

PHF Newport News, V i r g i n i a  

PHL Philadelphia,  Pennsylvania 

PNE Philadelphia,  Pennsylvania,  Northeast  Airport ~. 

R I C  Richmond, V i r g i n i a  

ROA Roanoke, V i r g i n i a  

S HD Staunton,  Virginia 

TTN Trenton, New Jersey 

WWD Cape  May, New Jersey 

Sub jec t   p ro f i les   a re   g iven   in   Tab le  1 1 1 .  

Rms values  of  the  motion and the  subject  responses a.re t a b u l a t e d   a t  

in te rva ls   th roughout   the   f l i gh t .  Time i s   r e f e r e n c e d   t o   t h e   f i r s t   d a t a   p o i n t ,  

which was usual ly  about 2 - 3 minutes  a f ter  runway rol l .  .A summary sec t ion  

is  included  giv ing  the  average rms motions for  the  whole f .1 igh t ,  and the 

average and standard  deviat ion  of   each  subject 's responses. Also, where 

questionnaires were used, the average and s tandard  dev iat ion  o f   the passenger 

. reac t i ons   t o   t he   t o ta l   f l i gh t   a re   g i ven .  

:* 

Power spec t ra  

0 - 2.5  Hz. The f 

Mot ion  Power Spectra 

were  computed f o r  two frequency  ranges, 0 - 12 

i r s t  se t   . o f  power spectra (0 - 12 Hz) are norma 

averaged from  selected  points of t he   f l i gh t   t es t   da ta .  A t y p i c a l  

Hz and 

1 i zed and 

p l o t   i s  

shown i n  Figure 6a. The spec t ra   fo r  a1 1 degrees o f  freedom a re   g i ven   i n  

Appendix B. The c r i t e r i a   f o r   t h e   s e l e c t i o n  of po in ts  were as fo l lows:  
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TABLE I I I 

SUBJECT  PROF I LES 

Sub irct 

A 

L 

M 

Sex - 
n 
M 

M 

M 

M 

M 

M 

M 

A 

M 

M 

M 

M 

M 

M 

F 

&E 

25 

24 

29 

24 

29 

40 

39 

32 

30 

44 

51 

21 

35 

30 

24 

32 

Professton Number o f   F l i g h t  Segments 

Research  Engineer 171 

Research  Engineer 33 

Englneer/Professor . 19 

Research  Engineer 13 

Engineer/Professor 

Professor 

Professor 

Engineer/Professor 

Professor 

Engineer/Professor 

Engineer/Professor 

Student 

Human Factors  Engineer 

Research  Engineer 

Research  Engineer 

Secretary 

1 

2 

12 

13 

1 1  

4 

4 



FIGURE 6a. AVERAGE  NORMALIZED  VERTICAL POWER SPECTRA 
(0 - 12 HZ) 
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1. C r u i s e   p o r t i o n   o f   t h e   f l i g h t ;  

2. The overa l l   i n tens i t y   o f   mo t ion   s ign i f i can t l y   l a rge r   t han  . 

the  instrumentatlon  noise. 

A power spectrum was computed f o r  each data  point   using  the LRC Time Series 

Analysis Program (2). The  raw spectra .were then  normalized on the  area  under 

the  curves (mean square  value) to   e l im ina te   t he   e f fec ts   o f   va ry ing   i n tens i t i es  

and were log  averaged as fo l lows.  Let  P,(f) be  a power spectrum f o r   t h e  n 

po in t  (f is  the  f requency).  Then PN1 (f), the  normalized  spectrum, i s   g i v e n  by 

t h  

The log-averaged  spectrum i s  

K 
F(f) = log-'  [t 1 log PN' (f) 

N= 1 1 
where F(f) i s  the norma 

poi  n 5s used. 

lized-averaged  spectrum and K i s   t h e  number o f   d a t a  

These spec t ra   i nd i ca te   t ha t   t he   ma jo r   con t r i bu t i on   t o   t he  rms accelerat ions 

occurs i n   t h e  0 - 2.5 Hz frequency range. The only   except ions  to   th is   t rend 

are  the  angular   accelerat ion  data  for .A i rcraf ts  A ,  B, and C. 

Because o f   t h e  dominance o f   t h e  low  frequency  range,  another  set o f  

spectra'were computed t o  examine the low  frequency  range in d e t a i l  (Appendix 

B). These spectra were analyzed i n  a s i m i l a r  manner  as the  others; however, 

these  were f i r s t   l o g  averaged and then  normalized on the  area between 0 and 

2.5 Hz. Figures 6b and'6c show a  sample of  the raw unaveraged data  along 

with an averaged  normalized  curve t o   i l l u s t r a t e   t h e  spread in  the  data. 

I .  
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F I G U R E  6b. UNNORMALIZED  VERTICAL POWER SPECTRA,  AIRCRAFT 6 
(0 - 2.5 HZ) 
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Motion  Scattergrams 

Since  most o f   the   mot ion  o f  t h e   a i r c r a f t   i s  in t h e   v e r t i c a l  and transverse 

d i rec t ions  and passenger comfor t   i s  most heavi ly  dependent  on these two modes 

of motion, a vert ical- t ransverse  scattergram  gives  informat ion  about  the  r ide 

q u a l i t y  of an a i r c r a f t  (4), (5).  P l o t s   f o r  each o f   t h e   a i r c r a f t   a r e   g i v e n  i n  

Appendix C. A t yp ica l   sca t te rgram  i s  shown i n   F igu re  7. 

The abscissa of each f i g u r e   i s   l a t e r a l   a c c e l e r a t i o n ,  and the  ordinate 

i s   ve r t i ca l   acce le ra t i on .  Each p o i n t  on the  graph  represents a sho r t   i n te rva l  

(10 - 30 sec) o f  time where t h e   v e r t i c a l  and transverse rms accelerat ions were 

measured. The d e n s i t y   o f   p o i n t s   i n  a reg ion   i s  an ind ica t ion   o f   f requency  of 

occurrence o f   the   va lue   o f   t ransverse  and v e r t i c a l   a c c e l e r a t i o n   f o u n d   i n   t h i s  

region. 

Cor re la t ion   Coef f i c ien ts  

Due to the  isot rop ic   nature  o f   a tmospher ic   turbulence and the  coupling 

of some a i r c r a f t  motions,  the  various  degrees  of  freedom of motion do not  

occur independently. The c ross-cor re la t ion   coe f f i c ien t   ind ica tes   the  amount 

of dependence each var iab les has on another.  Table IV g ives   the   cor re la t ion  

c o e f f i c i e n t s   f o r  each  degree o f  freedom computed f o r   a l l   a i r c r a f t   d a t a  

using  the rms va lues   o f   mot ion .   There   i s   s ign i f i can t   coup l ing ,   ,par t i cu la r ly  

w i t h   r o l l   r a t e .  The most closely  interdependent  are: yaw and r o l l ;   p i t c h  

and r o l l ;   v e r t i c a l  and r o l l ;   v e r t i c a l  and p i tch;   t ransverse and r o l l ;  and 

transverse and yaw. 
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Pitch  Acceleration 

Roll  Acceleration 

Yaw Acceleration 

Transverse  Acceleration 

Longitudinal  Acceleration 

Vertical  Acceleration 

Pitch  Rate 

Roll  Rate 

Yaw Rate 

TABLE I V 

CROSS-CORRELATION  COEFFICIENTS 

P i tch  Roll  YaW Trans. Long. Vert.  
Accel . SAccel. Accel. Accel. Accel. A c d .  

1.0 .04 .37 .20  .12  .03 

1 .o .44 .35 .10 .16 

1 .o .47 .20 34 

1.0 . 35 .OO 

1 .o .40 

1 .o 

Pi tch  
Rate - 

70 

55 

.06 

1.0 

Roll Yaw 
Rate Rate - .- 

.06 .03 

.44 .46 

000 e 79 

.08 .05 

1 . o ,  90 

1 .o 

. . .. 



P r o b a b i l i t y   D i s t r i b u t i o n s  

An analysls was  made to .determine  the  probabi l i ty   o f   occurrence 

.d is t r ibu t ions  for the  motion  variables. The randomly-selected  data  points 

analyzed  are  the same as those used to compute the power spectra. When 

normalized on t o t a l  rms leve l ,   the   d is t r ibu t ions   c lose ly   fo l low  the  normal 

d i s t r i bu t i on .   F igu re  8 11 l us t ra tes   t h i s   f o r   ve r t i ca l   acce le ra t i on  on 

A i r c r a f t  D. The abscissa is   the  nondimensional izcd  ver t i  

a, obtained  from 

where  a is  the  d imensional   accelerat ion,  p the mean accel 

the rms accelerat ion (mean biased  out).   Normalizing  the 

way compensates f o r   t h e   e f f e c t   o f   v a r y i n g  mean acce le ra t i  

a c c e l e r a t i o n s   f o r   d i f f e r e n t   f l i g h t   c o n d i t i o n s .  The data 

ca l   accb le ra t  ion, 

erat   ion,  and IJ 

d a t a   i n   t h i s  

ons and rms 

are d i sp 1 ayed 

as a cumula t ive   d is t r ibu t ion ,   the   o rd ina te   be ing   the   f rac t ion   o f   the  time 

that   the   acce le ra t ion   i s   less   than  the   va lue   o f  a speci f ied.  The dotted 

l ines   a re   ac tua l   f l i gh t   da ta ;   the   so l id   1 ine . is   the   nond imens iona l i zed  

Gaussian d i s t r i b u t i o n .  As can  be seen, the  data  match  the  normal  curve 

wel l  and it appears that  the  assumption o f   n o r m a l i t y   f o r   t h e   d i s t r i b u t i o n  

of a i rp lane  mot ion   i s  a good one. 

Noise Measurements 

Noise  levels were taken  on  board  the a i r c r a f t   w i t h  a sound-level  meter. 

Values  have  been recorded for   takeof f ,   c l imb,   cru ise,  and descent.  Unfortun- 

ately,   the  data from the two d i f f e r e n t   f l i g h t   t e s t  programs i s   n o t   d i r e c t l y  

comparable. Ea r l y   i n   t he  program a IT i i  weighting  scale was used w h i l e   l a t e r  
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I ~ . .  

I . ' ,  . . '  , .  

i n  the 'program an ''A!' scale was adopted. An approximate  correction was  made 

to   spec i f y  a l i  I,ev&Is usi,ng  the 'lAI1 weighted  scale. 

. .  

The data  iqdicate,  'as: expected, t ha t ,   t he   no i se   i s   l oudes t  on takeof f  

and cl imbout when .the engines  are  set   for  maximum power. Cruise  noise  levels 

fo r   the   th ree  sma1:ler a i r c r , a f t  were 'approximately 85 dB(A), whi le- the  larger  
, .  

a i r c r a f . t  were somewhat :quie ' ter  . .  a t  about 80 dB(A),  as shown i n  Table V. 

. .  
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TABLE V 

N O I S E   L E V E L S   I N  AIRCRAFT 

Takeoff - C 1  imb 

A i r c r a f t  A 88 - + 5 83 2 5 

A i r c r a f t  B 80 - + 5 80 2 5 

A i r c r a f t  C 90 2 5 84 2 5 

A i r c r a f t  D 95 2 10 88 2 3 

A i r c r a f t  E 92 2 4 87 2 3 

A i r c r a f t  F 89 2 3 84 2 4 

Cruise  Descent 

79 2 5 72 2 5 

80 - + 5 8 0 + 5  - 
77 2 5 75 2 5 

87 2 2 88 2 4 

86 2 3 83 2 5 

86 2 2 78 2 4 
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APPENDIX   A  

rms MOTION/SUBJECTIVE  RESPONSE  DATA  SHEETS 
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Intentionally left blank 
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-TABLE A- 

CODE DEFlNlT 

DATE 

FLT. NO. 

TER 

OR I Gf: 

DEST;'; 

TOD 

TOA 

A I RCRAFT 

SUB J 

AIRSPD f 

ALT t 

WEATHEW 

ONS 

Month,  day, year 

F l i g h t  number 

Terrain;  can  be IIFLAT",  "HILLY" o r  llMOUNT.ln 

O r i g i n  o f  t h e   f l i g h t  segment 

D e s t i n a t i o n   o f   t h e   f l i g h t  segment 

Time of  departure 

Time of arr ival;   these  are  the  scheduled  t imes  unless  otherwise 
noted i n   t h e  f l  ight   logs 

y - A i r c r a f t  A 

F - A i r c r a f t  B 

B - A i r c r a f t  C 
T - A i r c r a f t  D 

~2 - A i r c r a f t  D 

~3 - A i r c r a f t  D 

N - A i r c r a f t  E 
V - A i r c r a f t  F 

Subject  one/subject two 

Airspeed  given  in  knots 

A l t i t u d e   i n   f e e t  

CLEAR CLOUDY 

FOG TURB - tu rbu len t  

RAIN L. TURB - l i g h t   t u r b u l e n t  

SNOW 

WINDSPD Windspeed in   kno ts  

WlNDDIFft  Wind d i r e c t i o n   i n  degrees 

;':See Tab1 e A-2 f o r   a i   r p o r t  codes. 

*As repo r ted   by   p i l o t ;   f o r  more precise  informat ion,   Dai ly Weather Maps can be 
consulted. 



TABLE A-2 

ORIGIN-DESTINATION ABBREVIATIONS 

A I Y  

BAL 

C HO 

CRW 

DCA 

EWR 

HS P 

LW B 

LY H 

OR F 

PHF 

PHL 

PNE 

R I C  

R OA 

S HD 

TTN 

WWD 

Newark, New Jersey 

Hot Spr ings,   V i rg in ia  

Greenbrier, West V i r g i n i a  

Lynchburg, V i r g i n i a  

Nor fo l k ,   V i rg in ia  

Newport News, V i r g i n i a  

Philadelphia,  Pennsylvania 

Philadelphia,  Pennsylvania,  North 

Richmond, V i rg in , ia  

Roanoke, V i r g i n i a  

Staunton, V i r g i n i a  

Trenton, New Jersey 

Cape  May, New Jersey 

least A i  

A t l a n t i c   C i t y ,  New Jersey 

Baltimore,  Maryland 

Char lo t tesv i  1 le ,   V i rg i .n ia  

Charleston, West V i r g i n i a  

Washington, D.C., Nat ional   A i rpor t  

rpor  t 
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"" " .- 

IVERACE. 
STANO.  ,OEV. 

4. i1.11 
5 6 6 6  

3*-8889 - 
, 5 6 6 6  

"" 

I 
! 

. 

! 



" 

OLTE"F.L-~NO~"bRI~."DESt"TER~TOo""- ... ".AIRC~,~T.."..S"BJ-'- . - ." . -.- - - 
- 
@YO872 916 ROA R IC   H ILLY  1520   1603  Y W A  



U 
0 """ ""- .""."" ! 





U 
Ni 



- ." ." 
DATE 

FLT. no ORIC. .- "OfST" Too 'ToA. .. AIRCRAFT . '-suBJ .- . ." .. .. . . .. _" 
TER 

8 5 0 6 7 2  959 HSP ROA MOUNT. 1257 1319 Y A/O 



U t 



-..-__I" "_ """ 



. ..:e . 



" OAT€ "" FLl;TOi-ORIG  OEST 1 E4 lob" T O A - r I R C b ~ F T  SUBJ 
". 

- i i z *2  878 CHO EWR HILLY 0849  0945 B C I E  
" 

3 



C t O Z 3  - . i r . 3 2 .  . 
c20 2 4  19.94 

1 2 1 7  3 1 5 9  
2 3 6 1  e 6 3 6 8  
I149 - 2 3 8 3  
1 0 6 9   - 2 3 2 7  

, l C 4 8  .2110 
1 1 4 9  
0 4 0 9  

,2417 

1 0 1 5  
~ 0 5 5 1  
.1144  

3335. ,6790 

. 
." . .  

@ . 

""_ 
. .  



- b1003.. 3.28 1 0 9 7  1355 *0199  - .007l- -r0091 ----r.C204 2 2 
blOO4 
91005 

0590 .118C s009b .0090 0049 .015Z 2 2 
2 - 13.*49 .1194 . l l S S  . 0 1.61 . 0 056 . 0 or9 2 

91001  
,0120 

, Pl lO7  2 3 - 2 4 .  
0175 .or91 0 074 

.on07  - 0 0 6 3  
.E259 3 

moo88 e0137 
2 

BlOO8 .io01 .4758 . 0 227 
.. 0198.-.- 2 2 

Zb .9 t  
81039 - -30 .e4 

. 0 0 4 5  e 0 0 7 1  
e3367 e 9 2 0 4  e O O I . 8  - 0 0 7 5  e 0 1 2 7  

.E115 2 2 
2 2 

810 10 34.87 0 4 0 5  - 0 7 5 1  ~ 0 0 8 3  eOt67 - 0 0 2 7  e t 2 9 5  2 2 

7.18 

18 .b5   . 192s  0 869 
1 9 2 9  

.1999  

AVERAGE RMS 1795 ,4212  0 378 . 0 152  -0167 -0665 
" 

P 

U 
u) 



" p20 18 4.19 r C 7 1 5  
BZO 19 8.11 . 1b28  e1369  eC109 e 0 0 8 3  ~ 0 1 0 3   a 0 2 9 1  

e0530 . ~ ~ 0 0 9 ? . ~ - . O O 5 2  e 0 0 3 3  ,0136 2 2 

azo 20 - -1605  . 0 E b9. .Ole9 
2 2 

- 9.9r. 0978  . 0 147 0993 3 3 
RZO 2 1  a0286  .0214 0 0 9 1  .084b 3 3 

0 3 5 6  - BZOZ2 0337 0 196  . l o 8 8  3 
820 E3 

4 
1540  ,1753 -0473 e0350  e0511 e 0 7 8 6  3 3 

12.01 P516  e1233 
14.23. a0528   e1224-  
15.92 





" 

.0999 
4 
3 

3 
5 



-. . . . . - 
032072 9 1 6  LYB SO4 MOUNT. 1 4 3 1   1 4 5 2  Y A/0 



- 
0.32072 . . 9lb. POL . R I G .   H I L L Y   t 5 2 0   1 6 0 3  Y A/0 . . . . . . . . . . 

" "" 



. ." 

04TA _POI.NTS -- .. .. -___----. . - - 

" c 

"- " 



"__"_" ..... " . . .  - 





-. 
0 3 1 0 7 2  073  EWR CHO H I L L Y  1055 1159 e D f  4 



. . .  . 

u) 
00 







. . .  ............. .............. , - ....... " " . " .... 

_ _ D A T A  POINTS--: .. - _ _ _  ........... .,. . .  "" ........... . - ." 

"" ___ ... .- . . . . . . .  .......... 

... - " - . . . . .  - ......... 



" - .............. -. .... 
... ... .......... - " a 

W 



bo148 _" ", . o i s 2  .0110 "" .Ob40 3 
.1410 ,0618 e l 6 0 8  ,1109 4 4 

?" 



" 

N S J E C T I V E  EVhLUATION -- S U E J l  SU9J2 
"" - 

AVFRAGE 2.42-86 2.2143- . -  "~ 

~ 





. - 
030 3 7  0.00 .2b75"- - 0 0 5 9  ,0084 . 0 1 7 1   2  Z 

,oli3- -" ." "_ " "- 

" " - 

A VE R T G m S  . l a 3 8  - 3 6 0 s  
- 
0411 

. la - -- . . ~  0 2S'6 - - " . 
- 0 5 5 5  

"" - .- 

SURJECTIVE  EVALUATION -- SUBJl  SUBJ2 





Ea==- 

S U 9 J E C ~ ~ E ~ A ~ U A T I O h  - SUBJl   SUBJ2 



.I 

0 
0 

AVETAGE RPG 0673 a 0 4 8 8  .035 b .0185  e 0 7 7 6  

- -. SUqJECTIVE EVALUATLON -- S.UBJ1 SUBJ2.- " "- ". 

STAND. DEV. 
A V E Q ~ G Z '  2 . 9 0 9 1  

5 1 4 3  



X 

I ""- . 



" . 





- ._ - 
s i127  0.00 l~;i272 

.. " 

. l o 2 8  
." 

-0590  e0570 103b 3 3 



L . 

\ 

103?:2C73JS 16.08 - 2 9 4 4  e8297 
iD3P12C9337 19.10"' -1485" ,2879 "" - 1 5 0 5  . 

- 2475 

" - . - .............. -. ...................... - ." - " - - - - - 



.. - .... . . .  - - .. . . . . .  " . . . . . . . . . .  . . .  . . . . . . . . . . .  

OATA POINTS -- " - ........ - . - . . . . . .  ". ... - "_ " . - - " - 

._ . . 

LONG 
( C )  

TRANS . 
( G )  

- . . . .  

.. - 

- ...... - " . __ ......... " ... _. - .  . . . . . . .  . . . . . . . . . . . . . .  - . . . . . . . . . . . . .  

-. .. -. . . . . . . . . .  - - . - ................ - . . . . . . . . . . . .  . . . . . . . . . .  

- 

. - - .. - " . - . __ ............. . . . . . . . . . . . . .  " .... .... - . . . . . . .  

- .. - __ -. .......... -. . . . . . . . . . . .  "" -__ " ._.- 



... .-.- . .- .. -. . . .  ........... 

... " . - "" . ""- 

. ..... . . . . . . . . . . . .  ___._ "_ ...... .I ... 

" 

"" - . ." . . ." "" .,. . " 

......... _. .... " ........ "" __" . 



d - . .  . . . . . . .  . . . . . . .  ." . .  . . . . . . . . . .  
0 

" " .... -. - . . . . . . . . . . . . . . . . . . .  - __ .. - . - ......... , ... , . 
DITA  POINTS -- . .  

.- - - ." "" 

" - . " . . ___ -. " . "" . . " - . . ............... " .... -. . - . . . .  

". - . . . . . . . . . . . . . . . . . . . . .  - ..... . .  

. . . . .  .- . - - . . . . . . . . . . . . . . . . . . . . . . .  "" - . " .- - "" . - .... 

. .  - . ....... "_ "_ - . . . . . . .  -. .... - .. "" .. - - ............ . " .  , . . .  

____- ..... - ... ........ "" .. . . . . . . .  

- ." . ........ . . . .  . . . .  



DATA POINTS -0 
" -" 

3 
. 5 4 4 8  

2"3 "" 

3 
..... . ". * c 5 5 5  3 

"- " " S U B J I  S U B J Z P I S S E N G E R S " " " . " - ~ -  
- 

AVE5AGE 
- 

STAND. 9EV. 
2.6000 2.80CO 2 . 1 ~ 2 9  

"" "- " 

O V E R K t X X r r N c ~ 3 . 0  0 0 0 
. 4 8 9 9  

3.0330"" 
........ ...... ........ .... " " " " 

e 6 0 0 0  1.18b7-.". - ". 
" ... ..__- ...... . . ....... . . . . . . .  .. . . . . . .  . 

Wrl3ER OF PASSENGERS  RESPONDING TO QUESTIONNAIRE = 1 4  

.. " - . " ...... - .............. - " 
. - ... - " ...... . . . . . . . . .  - . . .  ..... .- . .......... - .......... - . 

" 

- "  . -. . . . .  . "_ 
_. ... ". . .  _ _  .. "" 

" 

d 
"" 

0 
u) 



"" ... - . .  - .... " - ... _. - ..................... " . . . . . . . . . .  - _ .  
DATA POINTS -- " __ - . . . . . .  - ... ..... 

NUMB% OF PASSENGESS RESPONOING T O  QUESTIONNAIRE = 7 " 

.... - . . . .  . . . . . . . . . . . . . . . .  . _  . . 

- .. - ... - .................... - .................. . .  . . - . . - . ._ . 

" . . . .  ." . - 

- .......... __ ... - . -. ... - ........................ . . . .  . ......... . .  

"- ""- 
"- ~ ._. ..... ". . . .  - .. ....... . .. - .... - 

. ." "-.- " 

...... " .... - . - " ..... . . . . . . . . . .  -. . .  . . . . . . . . . . . .  ' ............... 
. .  . .  

. " . " ..... . . . . . . .  ." .... ._. . - . , .............. - .................... -" 



SUBJECTIVE  EVALUATION -0 FEJ 1 SU9J2 PASSE,NGERS 
" " 

3 T A r n E - V .  
AVERAGE 3. O O C O  2.5714 

.9258 ,?284 
0VESP.U  RATING 2.COCO 3.001c 

3: g'g: ~ " "- 

.. - . . . "" - 



. . . . . .  . . . . . . . . . .  . . . . .  . ._ - - - - - ._ 
N B Z E C T I V E - E V A L U K T I d t i  -- ." 

SUBJl""  SUBJZ- .PASSENGERS""" .. 
' . 

AVERAGE 2.6875  2.5625  2.882s 
STAND. OEV. - 5 9  ,6092 "" i*!?83 - . . . . . . .  - .. " . . . . . .  -.--..- ." .: . -. . .  

O V E R A C T S A T I N G "  
". ___". __ .... . . . . . . . . . . .  . . . .  _. .......... . - . . . .  

NJMSER OF PASSENGERS  RESPONDING TO ~UESTVJNNhIRE = 17 - - .- 

. . . .  - ~ _ _ _  . -. ... - ... . . . . . . . .  - ............ " .... - . " . " ... -. 
...................... - ." ....... 

..__ ........ .... . 

- ..... ". . .  - ... - .... " " - . . - ._ - 

- ........ - . . . . . . . . . . . . . . . . .  ___ .. ... 
_____- " ........................... _ .  ..... " - .- " -. - 



......... .... " 

" 3UBJ1"SVBJt- "" "" 

AVcWAtc 2 2 2 5 5  2 . i 2 5 0  
2.0.1355 "" . ." 

OVE44LL R A T I N  
STAND. DEV. 

2 .0000 3 .0000 
.330 7 . 3  !.!7 .el82 

I 

~ _ _ _  ~ _ _ _ _  

" _ _ ~  "" ........................... "~ . .  

" .- .... 



" ......... "" ... -. ..... -. - ......... - . . .  . .  . . - -. - - . . "  - . . . . .  

DATA POINTS -- 
" - 

AVERAGE 
STANCI.  3EV. 
OVERALL RATING 

2. 2.5556 ?t40 0 3 
, 7857  -4969  c.0001 

" .- 

"" 3.0000- _ _  3.000.!--" . . ". _ _ _  - - . ........ - ..... " - ... -. ............ - . 

- . "_ - . - ..................... -. 

" , -. . - - - ~ .. " . . . . .  -. .............. "_ . ." . - - . - ....... - . 



D A T A  POINTS -- 

AVER AGE 3.11!1 3.1.111 
STAND. OEV. - 5 6 6 6  e 3 1 4 3  
OVERALL RATING- 3. 0 0 0 0  3.00-00 -. 

2 .0oca  
l.OQO3 
... . - ... ." ........ - -. ... - -. .. - - - - .......... - ........ - . 

I 

"" -. . . .... ." ..... - 
- .. " .............. "_ ... " 

__ __. . - .. - ........... - . . . . . . .  "- 
L 

_. . "" .......... .- ............ " 



" .......... " .. - ..... " . . . . . . . .  "_ . .  ." ........ . -  
DATA POINTS -- ...... -. ... ."_." -. 

.... ............ . . . . . .  " . 
AVERAGE-RHS-." .". . 5 1 l b  . - - 1.2583 ek607 .O2OZ .- .. 

0 1 9 6  
,cesi -. 

. . ~  . .- ................... - . . . .  -. .. - ... " . . . . . . . . .  

SUBJECTIVE  EVALUAfIOh: -- S U B J l  SUBJZ PASXN(;EIS - 
AVERAGE 2.b364 , 2.45kS 

~ T A N D . " L ) E ~ v V . - ~  " l.019~ . . -. . . . . . .  ..-...." . . . . .  
a 7 7 1 4  

3.571k 
.4979.""" 

OVERALL_RATING . 3 * 0 0 0 !  Z * O O . O P  ". - ". :"- ........ . . . . . . . . . . . . .  . . .  . . . . . . . .  

WHBER O f  CASSC-NCERS RESPONDING TO QUESTSONHAIRE 8 7 

. ". . - ..... "_ ... - .. . . . . . .  - ................ - .._". - .......... - .  

- .- " 

....... ........ - "__"" - - 
........ _. . . . . . . . . . . . . .  " " ... ..""" I . . . . . .  

- - ... - ......... - ... " .. "- 

- " .... . . . .  . . . . . . . . .  - ............ 
" 

L 

__ . .... . . .  . "" .. ..."- .- . 
.. ............... . . . . . . .  .- ......... ."_ 



AVE4AGE 2.3000 

O P E " R 3 l 7 2 . 0  co  0 
.4583 STAND. OEV. 

2.6522 
". 9 9141 "" " . _. . "_ "" 

MJHBER OF PASSENGERS RESPONDING TO PUESTIONNAIRE = 23 

-~ " - " 

~ . " "_ . .  
d - ". - ... "" ."- 

v 



AVERPGE 2.7500 
STAND. DEV. 
O V E ? A L C ~ R A T I l J G -  " 3.00GO 

O . O O I 0  
9 8 2 9 2  . - .. . .  ." .... .......................... 0.0000 _,  . 

" 

- " . - . . - "_ - .... ". . . .  -. .... - ...... ......... 

HIMBE4 OF PASSENGERS RESPONOING TO OUESTIONNAIRE 0 
"" ." - "" 

~- " .. " ." ........... - ." . . . . . .  . . . . . . . . .  ...... 

- " .............................. .". ... _.- ........ 

.-... ..- . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  



- ...... . . . . . . . . . . .  .-. " "." ". ... - ........ .. - . 

-0237  0138 
Dl52 
J 099 
I 1 8 5  
DL58 
OJ58 
0 0 5 1  

0112 
a 1LO 

0 395 

. . .  ." ... ... ".-____""".." 
SUBJECTIVE  EVALUATION -- S U B J l  SUBJZ PASSENGERS 

AVERAGE 

OVEQALL RATING 2.00Gil - ._ _. 
S T A N D ;  OEV. 

2.C588 -. 3.0103 
5391 "" - 

. b 4 0 Z  - 
"_ 

- 
MJnaER OF PASStNGERS RESPONOING TO QUESTIONNAIRE = 17 

"""e 

-_ " "" 

. - ~ -  .... ................. _ .  . . . . . . . . . . . . .  



~ - . _  "" - .. "" .. . - . . . . . . . .  - ............ - " . ." . . . . .  - ....... 

. _ _ _ .  .. - ..... - ." ....... .................. 

AVESLGE 
STANO. OEV. 
OVESALL RATIhG 

2.6667 
.4711. 

3 . 0 0 0 0  

2 535-6 2. 333.3 
-8315  e8165 

- 2*0?0P . . _  . . . .  " . . . . . . . .  " . - ........... ". .. ". . . . .  - . 

-. - .- ." . - . .- . - ....... " . . . .  - .. . .  ...... " ...... "._ ........... 

". . " . . . .  " . ". . .. - 



NJWBER O F  PASSENCEQS RCSPONOINC TO OUESTIONNAIRE = 5 .-.- 



. . . . . .  . 

LONG 
(GB 

TRANS 
(GI 

. "" ". . .. . .  - . . .  -. ... " - . " .......... 

. . . . . . . . . . . . . .  -. .. - ". - 

- . " . . . . .  ........ - . .  - ... . . . . . . . . .  

~ "" . .. ". - .... . .  . .  ......................... 

- ..... - -_ .... - ...... "- "- . - ................. 

....... __ - . __ ......................... ......... - ... " - " .............. 

" - - - - ............ .................. "_ - ...... 

- . " ...... - " . . . . . . . .  - .......... -. .. - - ...... " - . . . . . . . .  

. . . . . . . . . . . . .  ........ ... - -. , - " - -. .... " .. - ............ . . . . . . . . . . . .  



LONG 
f t )  

TRANS 
(GI  

.. ... ............. .... - "" " " 

-ATUAnON -- S l J B J I ~ S U 5 J 2 "  P~SSENCERS 

AYERACE 2.SOCO 2 . 5 0 5 0  3.46f5 

O v c ? A t T R A ~ t " - -  ~ . t o o n - - - -  2 . 0 3 0 0  -- __- 

- 
STAND. OEV. 9295 ." . . . . . . . . . . .  ." " " .. " ........ - 6 7 0 8  ,8062 

. . . .  .. ... ." .. ................. - .. " " - ....... - - ...... -. - . 
tUH8ER OF PASSENGERS  RESPONDING TO PUESTIONNAIRE = 13 

..... _ _  . . . . . . . . .  - .. . . . . . . .  " 1 " - ~ -  ". - ""- 

-. ... - - . - . . . . . . . . . . .  ...... " 

- .. - ............ .................... . " 

"- " .. -. . . . . . . . . . . . .  .......... ..... . . - 
I 

d 

h, 
W 

~. -. . ". -. .- "- ._.""- 



O P T ~  POINTS -- 
" ..... - - - ........... - ............... - ........ -. . . . . . .  - 

2 ~ 2 A 1 5 1 9 3 5 0  
2PZA151C359 22.?4 3 1.1631,  2.1997 - 

4.44 1. @76D  2.1421  ,6847 
.6439 

2P241523361 
ZPZA1521262 

.5549 
8 . P 3  1.1864  2.2701 

ZPZA1522353 10.40 , . l . C l l 4  _ _  2 .4669  e7241 
5952  

-2PZA1523364"- 
2P2A-1524565 

12.52 1.6405 2.7399 
14.54 

,8308 

2P21152536b  16.42 1. S953 2.588C 
1.3930  2.9387 . .7593 

1.1397 

- 6 - 7 5  - ". * 9 6 3 5  "_ . 1.9260 " . _  . 

e 0 4 5 2  

. a  379 

.Ob21 

0447 
.04C? 

0 5 5 4  
_ "  e 0 5 2 6  

e 8 2 1 9  

.. "" . . . . . . . . .  .. -. . " .. " " ." . . . . . . . . . . . .  . - . . . . . . . . . .  .- . - - . . . . .  

"_ ___ . . . . . . . .  . . . . . . . .  -. - - . . . . . . . . . .  

- ". - - . - -_ ""_.""_. 

- - .............. ". . . . . .  - . . .  . 
- "." 



- . - . . - - ... .-__- ....... .... ~ "" ............ 

- .. ." " .... . . . . .  ." ......... . . - ~ -  "" 

- ___ .- __. . . . . . . . . . . . . . . . .  ....... " ........... - . . . . . . .  - 
-"" 

... . . . .  _.""" 

"" . . . . . . . . . . . . .  .. "" "_ ." 

- . . . . . . . .  . 
d "" .......... ."." 
Ln 
h, 



____ . ". - . .  __ .................... - . . . .  
D A T A  POINTS -- ..... 

~" ... . . . .  

SUBJECTIVE EVALUATION -- SUBJl   SU9J2 PASSENJERS 
"" "" 

.. ..... -. .. - - ........ - ..... " ..... - ". ..... -. . . .  

. . . . .  

NUMBER OF PASSENGETS  RESPONDING TO OUESTIONNAIRE 14 
-. .... ___ ...... ........ , ........... , .............. . . .  

- ._ .. - . -. ... "_ .. . . . . .  -. . . . . . . . .  - - . - ....... - -. . " . , ._ -. . . . . . . . . . . . .  



" .""_ ." .. . . .. .. . . -  " . . .  . . .. 

~ V B ~ E F T I V E  EVALUATION -- SUf3Jl si.%Jz PASSEWERS 



- ...... ." ......... - . - .. -. . . . . .  -. . . .  . . . . . . . .  ... . . . . . .  

OhTA POINTS -- - ...... . . . . . .  - ... - "" ~ ..... " 

LONG 
(GB 

TUhHS 
(t)  

AVERAGE 4 %  . bo87 1.07-79 ;'3131r --- .0133 0 13.2" ~ . Gib 5 
" - . . . . . .  - . . . .  " " ..... - .. - ............. - ..... - .. ._ ....... .. " 

AVEQAGE 2.333 3 2.5_3q5 
S T A t t D .  DEV. . 4 7 2 4   , 7 4 5 8  
OVERALL RATING 

- 
". 2.0300 . . . . . . . . . . . . .  "" . - . .  ." . : 

-. - ____- ....... . . . . .  . "" ..... .... .- 

....... .. ". . . . . . . . . . . . . . . . . . .  " - ." 

- 
. - -. . .- .... - ....... . " . ". ............ 

- - -. ......... -. ... " . - .. - ......... _" .. ...... ." ....... .- ......... - 
- - 

_ .  . _" "" ........ - . . . . . . .  . " ........ ." " ... "_ .............. 



___ "" - ." - . " . . . . . . .  . ....................... .. 
OATA P O I N T S  -- 

LONG 
I C )  

nOCb2 
, 0 3 5 7  

e O C 1 9  
.OL17 
, 5 0 2 3  
,3111 
- 0 1 3 3  
.3122 
. a 1 8 0  

J 0 3 4  

. a o t o  

SUBJECTIVE  EVALUATION -- 
" su~J!"-S!eJ~L."- PASSENGERS"_ .................. ........... " . . . . .  "" . . . . . . . . .  

AVERAGE 

OVE9ALL RATING 
S T n r l O . E v .  2.5385 . . 

.7L58. 
- 3.2C.00 .9 798" 

3. C O O 0  
" 

.......... .- . . .  - . . . . .  - ........... "" - ." 

___ . . . . . . . . . . . . . . . . . . . . . . . .  ".."_ ..... .- . .  



- - . . . . . . . . . . . .  - ... - .................. " . 

. . . .  . .... . . . . .  - - 
-303PlbCZO04 I . C C "  " .7104."."- 1.2245 . 3 5 4 5  

. ". 
0 1 7 9  .0399 

" 

t 392  2 

LONG 
(C) 

TRANS 
( G )  

... 

. . _  

AVESPGE 

OVERALL RATING " .- 
srKii. OEV. 

2.3333 

2 * 0 0 0 0  . . . . . .  - " . . . . . . .  .. - " ...... - ........ - .. .- . - . 
- 4 7 1 4  

2.-90 G J - 
a 8 3 0 7  

- .- 

"- ..... - .. - " - . - . . . . . . . . . . . . . .  - " .......... - . . . . . . . . . . . .  

." . - . . .  __ - " - ........... - . . . . . . . . . . .  .. ..... ... ...... .- - 
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APPEND IX B 

POWER SPECTRA 

Average Normalized Power Spectra (0 - 12 Hz),  Figures Bl-Bl2 

Average Normalized Power Spectra (0 - 2.5 Hz),  Figures 813-824 
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FIGURE B 1 .  AVERAGE  NORMALIZED  VERTICAL POWER SPECTRA 
(0 - 12 HZ) 
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FIGURE B2.  AVERAGE  NORMALIZED  TRANSVERSE POWER SPECTRA 
(0 - 12 HZ) 
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F IGURE 83 .  AVERAGE  NORMAL IZED LONG I TUD I NAL POWER SPECTRA 
(0 - 12 HZ) 
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FIGURE 84. AVERAGE NORMAL IZED P I T C H  POWER SPECTRA 
(0 - 12 HZ) 
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FIGURE 65. AVERAGE  NORMALIZED  ROLL POWER SPECTRA 
(0 - 12 Hz) 
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FIGURE B6. AVERAGE  NORMALIZED  YAE POWER SPECTRA 
(0 - 12 HZ) 
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FIGURE B7. AVERAGE  NORMALIZED  VERTICAL POWER SPECTRA 
(0 - 12 HZ) 
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FIGURE 88. AVERAGE  NORMALIZED  TRANSVERSE POWER SPECTRA 
(0 - 12 HZ) 

, 

2 04 



1 x10’ 

1 XlOO 

LONGITUDE 
(1/Hz 1 

1 x 10-l 

1 x lo-2 

F I GURE B9. AVERAGE  NORMALIZED LONG ITUD I NAL POWER SPECTRA 
(0 - 12 HZ) 
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FIGURE B10. AVERAGE NORMALIZED P I T C H  POWER SPECTRA 
(0 - 12 HZ) 
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F I G U R E  B 1 1  . AVERAGE  NORMALIZED  ROLL POWER SPECTRA 
( 0  - 12 HZ) 
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FIGURE B 12. AVERAGE  NORMAL IZED YAW  POWER SPECTRA 
(0 - 12 HZ) 
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F I G U R E  813. AVERAGE  NORMALIZED  VERTICAL POWER SPECTRA 
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F I GURE B 15. AVERAGE NORMAL IZED LONG ITUD I NAL POWER SPECTRA 
(0 - 2.5 HZ) 
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FIGURE B 1 6 .  AVERAGE  NORMALIZED  PITCH POWER SPECTRA 
(0 - 2.5 HZ) 
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FIGURE s17. AVERAGE NORMALIZED ROLL POWER SPECTRA 
(0 - 2.5 HZ) 
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FIGURE ~ 1 8 .  AVERAGE  NORMALIZED YAW POWER SPECTRA 
(0 - 2.5 HZ) 
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FIGURE 820. AVERAGE  NORMALIZED  TRANSVERSE POWER SPECTRA 
(0 - 2.5 HZ) 
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FIGURE 821. AVERAGE  NORMALIZED LONG ITUD I NAL POWER SPECTRA 
(0 - 2.5 HZ) 
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FIGURE 822. AVERAGE  NORMALIZED  PITCH POWER SPECTRA 
(0 - 2.5 HZ) 
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APPEND IX C 

VERT  ICAL-LATERAL  ACCELERAT I ON SCAITERGRAMS 
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FIGURE c I .  VERT ICAL-LATERAL ACCELERATION SCATTERGRAM 
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