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FR3W TR?NSPC?tf?' OPTRATIONS 

32 A. y .  Deise r  anll I\!!, 7;l'il!tersc~ 

A method has  been developed f o r  i n t e r p r e t i n g  V-G 
r e c o r d s  t aken  du r ing  t h e  course  o r  comje rc i a l  t r s n s w o r t  
o p e r a t i o n ,  Tti s method lnvo lves  t h e  u t i l i z a t i o n  of f a i r l y  
s i ~ p l e  s t a t i s t i c a l  p rose?u re s  t o  o b t a i n  ' ' f l i g h t  envelo?esU , 
mr;hich m e d i c t  t h a t ,  or, t h e  373ersge, i n  a s t a t e 6  n?.mber of  
f l . lFht-kiours,  one v s l u e  of ai.rsFeed w i l l  exceed the  
envelope and cne p o s i t i v e  and one r i e ~ a t i v e  a c c s l e r z t i o n  P ilicrement ~ 1 1 1  excced t h e  envelope ~rrlv'lth equa l  p r o b a b i l i t y  
of be ing  exper ienced a t  any  airs2eeG. Com?arison w i t h  t h e  
a c t u a l  d a t a  ob t a ine$  Prolr. vl.iri.ous a f rg innes  axli fro31 v a r i o u s  
s i p l i n e s  indf c a t e s  thaS  t h e s e  envelopes  p r e d i c t  the 
occurrsr ices  of I..srge va lues  of acceleration an.d a i r s p e e d  
w i t h  a high degree of accuracy,  

A c c e l e r a t i o n  e.nd a i r s 2 e e d  da% ha~rs been c o l l e c t e d  
a t  t h e  I,sna;ley Labcra.tory of t h e  K A C A  i n  t h e  form 6f V-G 
r e c o r d s  ( r e f s r e n c e  1) t h s t  r e p r e s e n t  about  200,030 hours  
of f l f g h t  w i t h  varl.ous t r a n s ~ c r t  a i r p l a n e s .  These records ,  
whf ch  have been s7.3.pplied by tk;e air]-f nes ,  to,ze t!iep w i t h  
occz.sione.1 supplerneritai->~ infforrnat3.on concerni2.g atmosphe-r.ic 
cond i t f  orLs and urnusual ~ p e r a t i  r..g ? r e s t i c e s ,  c o n s t i t u t s  
a lmcst  a l l  the da t a  cn ~ p n l i e d  1oz .d~  t k s t  a r e  a v a i l a b l e  
f r o m  c o m ~ e r c i a l  t r a ~ . s p o r t  o y e r a t f  ons. 

The 17-r* r e c o r d  p r e s e n t s  tile enveloge of  i n d i c a t e d  
aSrs3eeC 3 g a i n s t  v e r t i c a l  a c c e l e r a t i o n  f o r  t h e  l e n g t h  of 
t ime t h a t  i t  i s  i n s t a l l e d  5n t h e  ~ i r > l - n e .  'i'hs n a t u r e  of  
Yfif s  envelope i s  such t h a t  o c l g  neak va lues  of  a c c e l e r a t i o n  
may be c?iscerr,ed, so t h ~ t ,  f o r  a  g iven  amourit of f l i g h t  
tine, on ly  t h e  l a r g e s t  a c c e l e r a t f o n s  e x ~ e r i e n c e d  a t  each 
speed c s n  Se eva lua t ed .  S ince  l i t t l e  i s  known zbout t h e  

RESTH ICT%D 
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a c t u a l  condi t ions  under which t he  da ta  were obtatned, 
averKge condi t ions  of wing loading,  load d i s t r i b u t i o n s ,  
znd opera t ing  p r h c t i c e s  must be assumed. Despite the  
apyarent l i m l t a t i o n s  of such da ta ,  the V-G data  ha.ve the  
zdvantage of r ep resen t ing  a wide v a r i e t y  of opera t ing  
condi t ions  and of present ing  the  l m g e  values of acce ler -  
a t i o n  t h a t  a r e  significant i n  the  i n v e s t i g a t i o n  of the 
gust- load requirements,  TYlus, a n s l y s i s  of the  V-G records  
may be expected t o  be of value i n  the  evalua t ion  of 
p resen t  requirements o r  i n  po in t ing  the  way f o r  f u t u r e  
modif icat ions.  

A rox~gh check of' p resent  requirements may be made 
by con?peri.ng the  com7osite of a l l  the  V-G envelopes from 
a  given a i rp lane  with the acceLsrat ions f o r  which the 
a i r7 lzne  i s  designed. Conposite envel.opes f o r  the  var ious  
a j .~ l> lanes  wi th  ;rfhich V-G d a t a  have been obtained a re  
presented i n  re ference  2.  It i s  evldent ,  however, t h a t  
the  com:?osite envelo?es, although of value i n  the  uresen- 
t a t i o n  of the over-a l l  p i c t u r e  of aj.rs?eed and a c c e l e r a t i o n ,  
contribu.te l i t t l e  t o  ths d e t e r a i n a t i o n  of t rends  i n  the  
da ta  or  t o  the ? r e d i c t i o n  of the a c c e l e r a t i o n  experiences 
of' t r a n s p o r t  a i r p l a n e s ,  

A grovr in~ ap:7reci?tion o f  the  problem of l i f e  
expectancy of a i r c r a f t  has indica ted  the  need f o r  a  method 
of a n a l y s i s  of the V-G d a t a  t21s.t would pe1-mi t predictions con- 
cerning the number and magnitude of the l a r g e  acce le ra t ions  
vhich wou1.C be experienced i n  a  given number of h o u ~ s  of 
norma.1 t r a n s p o r t  o ~ e r a t i o n ,  The o b j e c t  of the present  
r e p o r t  i s  t.o descr ibe  such a  nethod and t o  show how i t  
mag be anpl ied  t o  t h e  V-G d a t s  from any t r anspor t  a i rb lane ,  
This 1v.e thod i n v ~ l v e s  t h e  u t i l i z a t i o n  of f a i r l y  simple 
s t a t i s t i c a l  procedures t o  a r r i v e  st " f l i g h t  envelopesu 
which ;? redic t  t h a t ,  on the aversge,  i n  a given number of 
f l i g h t  hours ,  one value o f  a i r speed  w i l l  exceed the  
envelc?e and one p o s i t i v e  and one negat ive acce le ra t ion  
increment w i l l  exceed t h e  envelcpe wi th  equal p r o b a b i l i t y  
of being experienced st any a i r speed ,  

T average f l i g h t  time per  record,  hours 

T t o t a l  f l i g h t  time, hours 

IJmax rnaxim1.m ind ica t sd  s i r speed  on V-G record,  miles  
per  hour 
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pv p r o b a b f l i t y  t h a t  maxinum ind icz ted  a i r speed  on 
V-G record  w i l l  exceed a  given value 

V~ indica ted  a i rspeed  t h a t  m i l l  be exceeded, on the  
a.verage, once In T hcurs,  miles  per  hour . 

k number of 1 0 - ~ i l e s - p e r - h o u r  a i rspeed  i n t e r v a l s  
i n t o  which the spsed range of a i r p l a n e  i s  
divided. 

Anmax 1na.ximum p o s i t i v e  o r  negat ive a c c e l e r s t i o n  incre-  
ment on 11-G record ,  g u n i t s  

PAn probabil  i t g  t h a t  maximum acce le rz t f  on increment 
on V-G record  will exceed a given value 

h n ~  a c c e l e r a t i o n  increment t h a t  w i l l  be exceeded, on 
the av3rage, once i n  kT hours i n  a  given speed 
range, g u n i t s  

v o  ind ica ted  a i rspee6  a t  v~hich maximur p o s i t i v e  o r  
negat ive accel-eration fncrement on V-G record  
i s  experienced., mi les  per hour 

Po p r o b a b i l i t y  t h a t  Vo w i l l  occur i n  s given speed 
range 

ZP p r o b a b i l i t y  t h a t  Vo w i l l  exceed a  given value 

P p r o b a b i l i t y  t h s t  a  given value of acce le ra t ion  
w i l l  be exceeded i n  a  given speed range 

- -- - 
VmaxJ Anmax, Vo average va lues  of d i s t r i b u t i o n s  of Vmaxt 

Anmax 9 and Vo ,  r e s g e c t i v e l y  

OvY n  "0 
s tandard devia t ions  of d i s t r i b u t i o n s  of 

V,,,, An,,,, and Vo,  r e s p e c t i v e l y  

avt a0 c o e f r i c i e n t s  of skewness of d i s t r i b u t i o n s  
of V ,,,, An ,,,, and Vo ,  r e s p e c t i v e l y  

The term t tp robab i l i ty l t  h e r e i n  nay be i n t e r p r e t e d  
as the r a t i o  of the  nuriber of records  on which a  given 
event occurs t o  the  t o t a l  numker of records .  A l l  a i r speeds  
mentioned s r e  ind ica ted  a i rspeeds .  
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The method presented may be used t o  p r e d i c t  the 
a c c e l e r a t i o n  experiences of t r a n s p o r t  a i r p l a n e s  from 
ava i l ab le  V-G records.  Br ie f ly ,  the  s t e p s  i n  the  pro- 
cedure a re  the s e l e c t i o n  from the  bas ic  da ta  of the records 
s u i t a b l e  f o r  a n a l y s i s ,  the determinat ion from these  records 
of the  p r o b a b i l i t y  of occurrence of l a r g e  values of a i r -  
speed and acce le ra t ion ,  and the  combination of these 
p r o b a b i l i t i e s  t o  ob ta in  f l i g h t  envelopes. 

Basic da ta . -  Because of the d e s i r a b i l i t y  of a  uniform 
n m b e r b f  f l i g E t  hours per  rcccrd ,  only the records t h a t  
have a  ressonably constant  nixmber of f l i g h t  hours should 
be used.  The wide v a r i a t i o n  Ln the  mmber of f l i g h t  hours 
of ave.ila5le records ,  hexever, r e q u i r e s  t h a t  f a i r l y  broad 
l i m i t s  be allowed i n  order  t o  ob ta in  a  s u f f i c i e n t  number 
of records  f o r  the  a ~ a l g s i s ,  370 d e f i n i t e  l imkts  can be 
s e t  but ,  on t h e  b a s i s  of the  work done t o  d a t e ,  i t  appears 
t h s t  a  range of about 73 percent  ~f the  t o t a l  v a r i a t i o n  
i n  f l i g h t  hours m a g  be allowed. 

S ix  va lues  s r e  taken frorrl each of the records t o  be 
awlyzed :  the f l i g h t  time, the  maximun indica ted  a i rspeed  
v ~ n ~ x  9 the  maximum p o s i t  :ve and maxin1.un1 negat ive acce ler  - 
a t l c n  increments Anmax, and the i n d i s a t e d  a i rspeeds  Vo 
a t  which the  maximum a c c e l e r a t i o n  increments are  experienced. 

P r o b a b i l i t y  d i s t r i b u t i o n s . -  The p r o b a b i l i t y  d i s t r i -  
but ions of ibax, An,,,, and Vo a re  requi red  i n  the 
analysFs.  It has been found t h a t  Pearson Type I11 proba- 
b i1 . i . t~  curves ( r e fe rence  3 )  can be used t o  deterlnine the 
p r o b a b i l i t i e s  Pv, Pan, and. CP, t h a t  Vmax, An,,,, and 
Y o ,  r e s ? e c t i v e l y ,  w i l l  exceed given va lues .  lfiith the  
assumption t h a t  t h e  d i s t r i b u t i o n s  of p o s i t i v e  and negat ive 
a c c e l e r a t i o n  increments a re  i d e n t i c a l ,  t he  values of Anmax 
a r e  combined without regard  t o  sign i n  the  determinat ion 
o r  PA,. 

The Pearson Type 111 curves form a three-parameter 
family;  the  parameters f o r  a p e r t i c u l a r  d i s t r i b u t i o n  a r e  
determined from the  mean vs lue ,  the  s tandard devia t ion ,  
and t h e  c o e f f i c i e n t  of skewness of the  d i s t r i b u t i o n .  The w 

a c t u a l  computation of these  curves  f s  somewhat involved 
and depends on t a b l e s  t h a t  are not  i n  common use. For 
convenience, the  curves k,avlng parameters  within the range 
t h a t  might be e x ~ e c t e d  i n  the  a ~ i a l y s i s  of V-G da ta  a re  
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presented  i n  f i g u r e  1. The absc issa  t i n  t h i s  f i g u r e  
i s  the so-ca l led  s tan2srd  s t a t i s t . i c s l  sca le  ( r e fe rence  3 j  
so t'at, f o r  the  d i s t r i b ~ z t i o l l  of  Vmax, 

f o r  the  d i s t r i l ~ ~ z t i o n  of Anmax, 

and, fcr the d i s t r ibu- t ion  of To, 

The niean value,  the standard devia t ion ,  and the c o e f f i -  
c i e n t  of skewness of the d i s t r i b u t i o n  of Vma, may be 
determined from the  following formulas: 

where B r e p r e s e n t s  the  number of observat ions upon which 
the d i s t r i b u t i o n  i s  based, S imi lar  formulas hold f o r  the 
d i s t r t b u t i o n s  of ,finm,, and Yo. I n  the use of f i g u r e  1 
t o  c o n s t r ~ l c t  the p r o b a b i l i t y  curves,  values of t corre-  
sponding t o  s e l e c t e d  values of Vmax, Onmax, o r  Vo a re  
comguted and the  p r o b a b i l i t i e s  a r e  then  determined from 
the curve i n  f i g u r e  1 t h a t  corresponds t o  the proper value 
of a .  Linear  i n t e r p o l a t i o n  f o r  values of a not  shown 
i~ f igu . re  1 f s  adequate. 

I n  the  s~tbsequ-ent ana lys i s ,  the pro 'babi l i ty  CPo is 
assumed t o  give a r e l i a b l e  r e p r e s e n t a t i o n  of the proba- 
b i l i t y  t h a t  the  a i rspeed  a t  which a given l a r g e  
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acce le ra t ion  i s  experienced w i l l  exceed a  given value.  
Inspect ion  of the da ta  from var ious  a i rp lanes ,  however, 
has shown t h a t  t h i s  assumption i s  v a l i d  only up t o  the 
normal c r u i s i n g  spee6 of the  airpl-  ane, s ince ,  although 
l a r g e  acce le ra t ions  a r e  fFequent lg  experienced a t  h igh  
speeds, th.e maximum accelera.t,lons on a  record  a re  seldom 
foun6 beyond t h i s  poin t .  Accor2inglg, i t  has been found 
necessary t o  modify the Type I11 curve f o r  the  d i s t r i b u t i o n  
of Vo so a s  t o  present  a  s u i t a b l e  es t lmate  of the proba- 
b i l i t y  t h a t  t h s  sneed a t  i~;liich a  given l a r g e  acce le ra t ion  
i s  e x p r i e n c e d  w i l l  exceed a given value.  Experimentation 
has shou:n t h a t  the  necessary modif ica t ion  can be conven- 
i e n t l y  e f fec ted  by ex t rapo la t ing  t o  the  high vx1u.e~ of a i r -  
speed by xeans of an exponent ial  curve ( a  s t r a i g h t  l i n e  
on semilog yayer)  drawn tangent  t o  the Type 111 curve a t  
the normal cr.ilising speed of the a t r p l a n e ,  ve.lues of CPo 
a t  high values of a i r speed  a re  taken froni t h i s  exponent ial  
curve 

The f l i g h t  envelope f o r  a given n u ~ b e r  of hours i s  
determined by the  nmber of s c c e l e r a t i o n s  t h a t  w i l l  exceed 
given values i n  d i f f e r e n t  meed ranges. Thus, cons t ruc t ion  
of the  envelope depends upon a  knowledge of t h e  proba- 
bilrfty P  t h a t  a  gi-ven l arge value of a c c e l e r a t i o n  w i l l  
be exceeded i n  a  given speed renze.  Y-lth the assumptions 
t h a t  

( I )  Accelers t ion  an6 airspeed Ere s t a t i s t i c a l l y  
independent ( t h a t  i s ,  i f  the a l rp lane  were flown f o r  equal 
per iods  of tLme a t  a l l  speeds, the p r o b a b i l i t y  of excesding 
a given v ~ l u e  of e c c e l e r a t i o n  would be the  same a t  a l l  
a i r speeds  j 

(2) The 2 i s t r i b u t i o n  of 1 gives  a  r e l i a b l e  
r ep resen ta t ion  of tke  d i s t r i b u t i o n  of  l a r g e  acce le ra t ions  

( 3 )  The modified d i s t r l l m t i o n  of  To gives a r e l i a b l e  
r e p r e s e n t a t i o n  of the velocities a t  which a l l  l a rge  
acce le ra t ions  occur 

the p r o b a b i l i t y  P n;aT be expressed as the prodixct of two 
known p r o b a b i l i t i e s ;  thus 

where Po i s  the  roba ability t h a t  Yo w i l l  occur i n  the  
given speed rzngs.  
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Some e x p l a ~ a t i o r ,  of assurrption (1) i s  i n  order .  I n  
the s t p i c t e s t  sense acce le r s - t i cn  md airspeed a r e  not  
s t a t i s t i c a l l g  independent since,  i f  t h e  a i rp lane  were flovln 
a t  random a t  d i f f e r e n t  speeds, ths  h ighes t  a c c e l e r a t i o n s  
woul c?. be experienced a t  the h ighes t  s2eeds. Transport  
a i r p l a n e s ,  however, a re  not  flown a t  random speeds; i n  
f a c t ,  the  speed i s  usua l ly  determined by weather condi t ions  
so t h a t  the a i rp lane  f l i e s  a t  high speeds i n  smooth a i r  
mc3. a.t reducf;d. speeds i n  tur-oulent a i r .  Thus, the  ass!m~p- 
t i o n  of s t a t i s t i c a l  independence i s  t o  be in%erpre ted  
h e r e i n  a s  meaning t h a t  i.f the a i r p l a n a  were flown f o r  
equal  yer iods  cf time a t  211 speeds under condi t ions  a t  
whf ch these syeeds ars i lornally a t ta ined ,  then the  proba- 
b i l i t y  of exceeding a given vslue of a c c f l e r a t i o n  would 
be the same a t  a l l  a i r speeds .  

Xnve lo~e  a i rspeed . -  The f i r s t  s t a p  i n  the  cons t ruc t ion  - -- 
of the f i f g h t  enveloce renresent ing ,  S R Y ,  T h o w ~  of 
f l i g h t  i s  the  determinat ion of t i l ~  ~ i r s p e e d  VT t h a t  w i l l  
be exceeded once i n  T k o u r s .  Ti' T i s  ti;e average 
f l f g h t  t i n e  -,er record ,  the desired a.lrspeed i s  the one 
t h a t  i r  excee?.ed, on ';he average, once ir i  3 -  records .  
Thus, VT i s  deternlined from the equat ion 

2nd from the  p r o b a b i l i t y  curve f o r  P,. 

Snvelope acce le ra t ions .  - It has been found convenient -. -- 
t o  d iv ide  the e x q ~ c t e d  soeed range of the  a i rp lane  i n t o  
10-zi les-?er-hcur  i n t e r v a l s .  I f  the  miniznum a i rspeed f o r  
t r m s p o r t  zi.rhplanes (except  during ].ending and take-off )  
i s  assumed t o  be 1-00 miles  per hour,  i n  the f l i g h t  envelope 
f o r  T hours ,  

speed i n t e r v a l s  inust be considered. (The nea res t  i n t e g r a l  
value cf k i s  s ~ t i s f c c t o r g . )  

I f  one a c c e l e r e t i ~ n  i s  t o  exceed the f l i g h t  envelope 
i n  T hcurs  with equal probability of bcing experienced 
In  esch of the 1.: syeed ranges ,  then, on the avere.ge, one 
a c c e i e r e t f o n  i n  kT hours should exceed the  f l i g h t  
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e w e l o y e  i n  each s ~ e e d  range; t h a t  i s ,  on t h e  average, one 
i n  ~ T / T  r s c o r c ? ~  shculd have an. a c c e l e r a t i o n  exceeding 

the  envelope i n  a given speed range. Thus, P = 5 so 
L%J. 

t h a t  with tho use of equat ion ( 2 ) ,  t h s  acceleration inc re -  
ment A l l T ,  wbi ch d e  te rmlr~es  the f l i g h t  enveloae f o r  
T hours i n  a given s3eed range, I s  foixnc! f r o b  the  equation 

and f roR the  p r o b a b i l i t y  curve f o r  pAna  

The values of Vrn and n a s  determined i n  the  
preceding psregr;r?phs i r e  saf  f i c t e n t  t o  ccns t r u c t  the 
envelo2e re2 resen t ing  T hours of' f l i g h t .  ?osi t i .ve and 
negat ive v ~ l z l e e  of . 4 n m  a re  p l o t t e d  a t  the  n.idpoints of 
the  cnrresponding speed ranges and a smooth curve i s  drawn 
through tho p l o t t s d  po in t s .  The envelope i s  c losed st the  
high-speed end bu a s t r a i g h t  l i n e  through ?TT perpen- 
d i c u l a r  t o  the  a i r speed  a x i s .  

In  the  present  ai-slysf s, no att.emgt i s  made t o  
c l a s s i f y  the  a c c e l e r s t i o ~  peaks taken from the records as 
due t o  g u s t s ,  naneuvers, or  gust-maneuvers. Such a c l a s s i -  
f l c a t f o n  i s  k t  bes t  h ighly  uncer-tain.  Inssunuch a s  experi-  
ence i n d i c a t e s  t h a t  most OF t h e  l a r g e  loads  imposed during 
norxal  t r a n s p o r t  c p e r s t i o n  al-t., d u e  t o  gus t s ,  the  assmrption 
t h a t  the Plri@;.t envelo?es o r  t h i s  repoiat r e p ~ e s e n t  gus t  
conditi-cns seems reasonable.  Thus, these envelopes nay 
be converted. t o  .?ust-vol..oci"~v ez?.velo.?es by means of the 
sl-i.arp-e<.:,ged-gust formu-la ( r a f  erence 1. ) , 

In order  t o  i l . l u s t r a t e  the foregoTng method of analysis, 
the ac-kuzl cowputations necesszyy f o r  the cons t ruc t ion  of 
a p ~ r t l c u l a r  f l i g h t  enveloge a r e  presented,  The d a t a  were 
obt.zj.nec1  fro^ nc-3 a r rp lanes  of a p a r t l c u l  a r  a i r l i n e  during 
the ger iod from 1937 t o  13icl. T b e  r e s u l t s  gtven h e r e i n .  
ca.nnot be appl ied  gsnera l ly  s ince  they represent  only a 
s ~ a l l  p a r t  of the a v a i l a b l e  data .  

Rzsic da ta . -  The d z t z  a v a i l a b l e  f o r  a n a l y s i s  consisted 
of 35-?%-7o'i;alling 17,675 hours of f l i g h t .  Because 
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of the wide range c\f f l i g h t  hours,  h.ovlrever, only records  
tha-t represented betwsen 575 acd ~ O C  hours were used. 
There were 15 such records,  totaf . l ing 9,691 hours of 
f l 2 g h t  and kaving e n  sverage record t i n e  T of zbout 
650 hav.rs. The values of VEax, Anma, and Vo read  from 
these  records  are summarized. i n  t a b l e  I i n  .the form of 
frequency d i s t r i ' m t i o n s  . 

P70baSil i ty  Aist ,- ibutions.  - The average values,  the 
s t ~ n d a r d  devia t ions ,  and the  coeff ' ic ients  o f  skewness of 
the d . i s t r ibu t ions  of V,,,, Anmax, and Vo have been com- 
?uted  by standard methods ( r e fe rence  3)  and the r e s u l t s  
a re  ? resented  i n  t r b l e  I. The Pesrson Type I11 ?robabi l i ty  
curves determined from these compated values and the 
curvzs I~L f'lgure 1 a r e  shown i n  f i g u r e s  2  t o  4 together  
w i t h  the cumulative frequency d i s t r i b u t i o n s  obtained from 
t a b l e  I .  (The curru.lstlve frequency d i s t r i b u t i o n s  present  
the  r e l a t i v e  freqi~ezrcies,  obtained from the bas ic  da ta ,  
of a'ilaspeeds 2nd acce1erat.i-ons tl:at exceed given vzlues . ) 
Also skov:n i n  f i g u r e  4 i s  the  added t t s t r a i g h t - l i n e u  e x t r a -  
p o l a t i o n  of  the V, p r o k s 5 i l i t y  curve a t  the c r u i s i n g  
speed of the  DC-3 a i r y l a n e ,  ~fi~hich I s  I - ~ o  rnLles 2er  hour,  

In order: t o  Il l i l .st .rste the  nannep fin vfcich t h o  T y p e  111 
curv5s a r e  c.onstructe$., one poin t  on the  ar,, probabili ty 
cv.rve ~ ~ f l l  be deter.-;lir,ed. From ec,u.atfon (lb! an? t a b l e  T, 

For  AnFaF = 2 . O ,  t = 2.56, an6 f r o a  f i g u r e  1 f o r  
aAn = 0 .]$a, the p r o b a b i l i t g  f  s  found t o  be 0.311. This 
va1.u~ i s  p l o t t e d  I n  fi .cure 3 f o r  An,,, = 2.0. 

F igures  2  a-nd 3 give the  probabi l2 ty  t h z t  s e l s c t e d  
values of a i r s seed  o r  ecce le r s t fon  increment w i l l  be 
exceeded. For e x a q l e ,  from f i z u r e  2 ,  the p r o b a b i l i t y  
t h a t  V,= w i l l  exceed 24~ mfles ;3er hour i s  0.12 so  
t h s t  on the  average 1 i n  about 8.3 records x v i l . 1  have 
a  msxi~?.urr, a i r speed  g r e a t e r  t h a t  240 rntles per hcur.  Since 
T = 650 f o r  these  da ta ,  i t  may be concl?lded t h a t  t h i s  
value of ,  a.irspeed ~vlvill.. be exceeded, 0x1 t he  sverage, once i n  
every 5,400 hours of' f l i g h t .  

Valuss cf Po are obtainecl 9 sub t rac t ing  successive 
vsllles of Cpo taken from f i g i ~ r e  4, For exaxple, the 
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p r o b a k i l i  tg t?iat t b e  maxi~um a c c e l e r a t i o n  w i l l  occur i n  
t h e  speed l n t e r v a l  from 1e0 t o  1913 miles p e r  hour i s  
0.38 - 0.22 o r  ~ ~ 1 6 .  

Envelope a i r speed . -  The c o n s t ~ u c t i o n  of t he  f l i g h t  
--7 envelope 1s now dependent on ly  upon t h e  clioice of  t h e  

number of flisht hour s  T. In  t h i s  exsmy?ie, t h e  value 
of 10,000 PLours has been s e l s c t e d  f o r  T. This cho ice  i s  
quLte a r b i t r a r y ,  and on ly  s l i g h t  mod3.fications i n  t he  
numerical  work a r e  neces sa ry  t o  determine t h e  envelope 
t h a t  cor responas  t o  any desirefi. va lue  of T .  K i t h  t h e  
use  o f  e q u a t i o n  ( 3 ) ¶  

s o  % h a t ,  from f i g u r e  2 ,  VT = 2& 1nj.les p e r  hour .  

Eiive1.ope a c c e l e r a t i o n s . -  S ince  VT = 541.4 m i l e s  -- 
per  ~~bur ,  eq ;~a . t i on  ( h )  shonrnis t h a t  k = 14. Thus, equa- 
t i o n  ( 5 )  beccmes 

Table I1 shows how the va lues  of ?,,, for the  v a r i o u s  
spee? r anges  may be conveniently obtzicecl.  Values o f  Z p Q  
a r e  t8ken from f i g u r e  4. and Po i s  ob t a ined  by subtract ing 
succes s ive  v a l u e s  of CPo. The va lues  of AnT a r e  
obtair ied f r o m  f i g u r e  3. 

T h s  va lues  ob t e ined  f o r  VT and b n ~  are p l o t t e d  
i n  f l ~ u r e  5 andl smooth curves  a r e  dravrn through t h e  p lo t t ed  
valires ot an,. The fli$t envelogefor  10,000 hou r s  i s  

$: t 3 u s  f u l l y  de bermined. 

Tha P l i g h t  envelc2es  cbtal-ned by t h e  rnethod.~ of t h e  
p r e s e n t  repor t ;  n r e d i c t  that;, on t h e  average, i n  a s t a t e d  
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n~mlbsr of hours of f lr ight the  maximu:, value of a i r speed  
w5ll  be exceeded once cnd t k a t  one p o s i t i v e  and one 
negat ive a c c e l e r a t i o n  lccrement w i l l  exceed the  envelope 
with equa.1 p r o b s b i l i t y  of being experienced a t  any a i r -  
speed. The determination of these  envelopes depends only 
upon the s e l e c t i o n  of the  maximum values of a i r speed  a-nd 
a c c e l e r a t i o n  from the  V-G records  and involves what seems 
t o  be a minilnwn of computation.al work. Of course,  s imi la r  
envelopes could be obtained by the  s t raightforviard but 
h igh ly  labor ious  rcethoc?. of d iv ld ing  the spee6 range of the  
a i r ~ l a n e  i n t o ,  say, 10-miles-par-hour ranges and f i n d i n g  
the  d i s t ~ t b ~ t i o n s  of maximu-m acce le ra t ion  increments taken 
from each of these  speed ranges.  I n  ord.er t o  compare the  
% ~ o  aethods,  t h i s  procedure has been appl ied  t o  t h e  da ta  
from the DC-3 a i rp lane  used i n  tlis nresent  r e g o r t  and the  
r e s u l t s  f o r  10,000 hours of f1igh.t  a re  com~ared  i n  f i g u r e  6 
with the  10,000-hour f l i g h t  envelo9e of f i g u r e  5. The two 
methods can be seen t o  y i e l d  s f z i l a r  r e s u l t s .  

The corrposZte of the 2.5 V-G records  r ep resen t ing  
9 ,691  hours of f l i g h t ,  ahich have been used i n  determining 
the f l i g h t  e ~ v e l o p e s  f o r  the  GC-3, i s  shown i n  f i g l x e  6. 
It  nay be noted t b a t  two a i r s ~ e e L s  and tTzo negs t ive  acce l -  
e r a t l o n  increlnents exceed the  10,000-hour envelope. 

The f a c t  th2.t only 1-5 of t h e  ava i l ab le  35 V-G records 
were used In the  ana lys i s  a f ' f o ~ d s  s n  opportuni ty t o  i n v e s t i -  
ga te  the capeci ty  of the  f l i g h t  e n v s l ~ p e s  t o  p r e d i c t  
a c c e l e r a t i o n  and a i rspeed  experiences.  The compcsite of 
a l l  t he  35 records r ep resen t ing  17,675 hours of f'ligkit i s  
shown i n  figu1~:2 7 together  with the  l o - ,  20-, and 50- 
thousand-hour f l l g h t  env3clo.?es detsrmifted from the  15  
se lec ted  recorcis. I n t e r p o l a t i o n  f o r  . b o u t  17,500 hours 
shows t h a t  one p o s i t i v e  a c c e l e r a t i o n  increment and one 
a i rspeed  exceed the envelope. The f a c t  t h a t  exac t ly  the  
r i g h t  number of v o s i t i v e  a c c e l e r a t i o n  increlcents and a i r -  
speeds exceeded t h i s  one ecvelope i s  no t  7 a r t i c u l a r l y  
i ~ . ? o r t a n t ,  and t h e  f a c t  t h s t  no negat ive  acce le ra t ion  
increments exceeded the  envelope i s  equa-lly unimportent 
s ince  p red ic t ions  based oc a s t a t i s t i c a l  a n a l y s i s  r ep resen t  
average cond-ltions and can Se v e r i f i e d  only by the exami- 
na t ion  of l a rge  masses of data .  Since 8 s e t s  of da ta ,  
involving Pour d-iff 'erent a i r p l a n e s  and four  a i r l i n e s ,  were 
ava i l ab le ,  a check of the ? resen t  method can be made by 
coinyaring the  ca.lculated envelopes with the corres2onding 
V-G co%posites.  For the  e i g h t  envelo;?es, nine p o s i t i v e  
a c c e l e r a t i o n  Increments, t e n  negat ive a c c e l e r a t i o n  incre-  
ments, a-nd seven a i rspeeds  were foun6 t o  exceed the  
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envelopes. Thus, the f l i ~ h t  envelopes obtained by the  
methods of the present  r e p o r t  a2psar t o  preclict the 
occurrences of l a r g e  va3.ues of a c c e l e r a t i a n  and a l rspeed  
~.vith a  high degree of accurzcy. 

In the  appl jca t ior l  of these  vethods t o  a  p a r t i c u l a r  
s e t  of V-G d a t a ,  i t  ap2ears t h a t  ~ a t l s f a c t o r y  r e s u l t s  may 
be obtained wi th  a  x i n i ~ u m  of a b o ~ t  1 5  records  r ep resen t ing  
not l e s s  than about 2500 f1Lg'rJ-b hours.  The a c t u a l  nlllnber 
of f l i g h t  hours p e r  record  i s  not  p a r f i c 1 ~ l a r l y  important,  
provided the  range c? f l i g h t  hours i s  not  too l a r g e .  
P robaLi l i ty  curves were derived frcm s e t s  of da ta  with 
d3.fferent averqqe record  tLmss 2n?. were found t o  be 
e s s e a t f a l l v  s i : ~ i l a r ;  a change i:i ecale  made the  curves 
comparable v?lth rega-rd t o  the  number of ho~nrs requi red  t o  
exceed an.7 given acce le ra t i cn .  Thus, i d e n t i c a l  r e su l - t s  
were obts ined from tm  s e t s  of records  from t h e  same 'a i r -  
plane and a i r l i n e  but with widely d i f f e r e n t  f l i g h t  hours 
per  ~ e c o r d .  

The v a r i a t i o n s  ic the nmbcr of  f l i g h t  hours on the 
records  a c c u ~ u l a t e d  t o  date  a?e apgsrent ly  due t o  prac- 
t i c a l  l b i t a t i o n s  t h a t  a f f e c t  the  i n s t a l l a t i o n  and removal 
of the records  from t h e  a i r p l a n e s ,  Tn order  t o  Increase  
the  nccurmy of the  present  tz~pe of ana lys i s ,  the peans 
of c o l l e c t i n g  V-G da ta  should be improved so t h a t  more 

-. uniform f l i g h t  hours per  record r a y  be assured  i n  the 
f u t i u e .  

Statistical metlioc?~ of a n a l g s i s  of V-G records  w e  
developed t o  ob ta in  " f l i g h t  envelopes1' f o r  t r a n s y o r t  
p lanes ,  These envelopes p r e d i c t  t h a t ,  on the a v e r a p ,  i n  
a  given number of f l i g h t  h o u r s ,  one val-ue of a i r speed  w i l l  
exceed t h e  envelope and one p o s i t i v e  and ace negat ive 
a .ccelerat ion increment w i l l  exceed t h e  envelope with e q ~ a ? ~  
p r o b a b i l i t y  of being experienced a t  any ai rspeed.  

Comparaisons of the flf .ght envel.opes with the composIt;e 
V-G envelopes ind ica ted  t h a t  these envelopes p r e d i c t  t h e  
occuv.rences of l a r g e  va lues  of a c c e l e r a t i o n s  and a i r speeds  
with 8 high degree of' accuracy. 

I n  order t o  ob ta in  s a t i s f a c t o r y  r e s u l t s ,  a  minimum of 
about 1 5  records  ~ e p ~ e s e n t i n g  not l e s s  than  about 2500 
f l i g h t  hours should be used i n  the ana.lysis.  
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The number of f l i g h t  hours per  record i s  not p a r t i c u -  
l a r l y  important i n  the a n a l y s i s  provided the  range of  
f l i g h t  hours i n  the s e t  of records used i s  not too l a r g e .  
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National Ad-visory Committee f o r  Aeronautics 
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FRE~JTKCY I7LSTRIBlfTIOUS O?? Vmax, Anma,, AND Vo 

FRCM 3-G RFCORDS FRO31 DC-3 AIRTLANES 

vmax  dist-ibution i Cnmau distritution V, d i s t r i b u t i o n  
I 
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Figure 2. - Probub~lllfy fhaf maxlmurn /ndtcafed ampeed 
on a record w~ll exceed a given value . 
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fiqure 3.- Probab/l/y fbaf fhe max/mum occehrd~on 
/ncremenf on a mord w/// exceed a q/ven 
Yff//l/e. 
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exceed a g/ven v&e . 
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figure 6.- Comp~r/soon o f  /~ooo-hour f//qhf enye/ope and envelope obto~ned 
by sepamfe om/ys/s of each aped mnge. Actuu/ compos/te of 
records on whch fhe enve/opes were based 
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