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Airspmd Bnd a l t i tude  data obtained from Loclrheed ConeteUatfon 
airpl&nea fuing between New York and San Francieco duribg May and 

reaching o r  exceedhg given values of afrspaed and Mach nuniber. The 
analysis indicated that for the data obtained durfng t.hese flight8 
the total , p m b b i l i t y  of -exceeding the placard **mve~xceedn speed 
depends principally on the probabilfty of exceeding thie  speed in 
descent. On the average, the placard speed msy be exceeded on the 
oriler of cmce 4 2  every 100 hour8 of descent, or on the order of 
once in- every 1000 houre of to ta l ’ f l i&ht  ttme. The a n a ~ v a i s  ale0 
indicated that’ the probability of exceeding the critical Mach number 
fe negligible at the altitudee flown, which were leee than 20,000 feet. 

. June of 1946 have been amlyr-ed to determine the pro?>akility of 

At a-meeting of  the EACA Connnj \ tee on Aerodynrtmice held 
March 12, 1946, concern wae e x p r e E B f 3 d  about the poeeibil l ty of 
lmdvertently attainfng excessive airspeeds and Mach nmiber~ OII 
larm aerodynamically clean transport airplenes. Accordingly, .the 
National Advleorg Collnnittee fo r  Aeronautics, in  cooperation with 
the  C i v i l  AeKlnautice Administration and Pap American A i m a y e ,  
obtained. eamplee of data on Zockheed Conatellation airplane8 durfng 
several round-trip flfghts between: New York and London and between 
New York and Bermuda. The result8 of an analyaf.8. of them samples 
have been published in reference 1. 

In order to o b t a h  similar &ta on the game t ype  of airplane 
operating m tmm&cantinental routee, the’CAA arra3lgsd to have 
A w  flight analyzers jnstalled. on the Lockheed CopeteIlatiorm of 
several airlines. m e  firet data f r o m  theee inetallatione have been 
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obtahed from operations on Wanecontinental and Western Airlines 
between New York Ciw and Sctn Francisco during May and June 1946. 
These dsta, wihich consisted basically of continuous time hf8toriOS 
of airspeed and ed-titude, have 'been anaLgzed s t a t i s t i c a l l y  to 
detemine %he probability of reaching o r  exceeding vmioue V d U e S  
o f  airspeed and Mach number during different flight- conditions 
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Because of the rebtfve importance of the probability of 
reaching or.exceeding the never-exceed meed in deecent, the 
numerical value of this probability is of consibemBle in te res t .  
Thie probsbillty, expressed in term of time, is ehown by figure 3. 
t o  bo about 113 houre of deecent time per occaljion, but the total 
flight time per occasion is of greater si-lficevnce. Thls lat ter 
value, s t r i c t l y  epea.king, depende upon the cambined iaflu'ence of 
the  opemting conditions of citmb, ' level f l igh t ,  and deeccmt. How- 
ever, the probabili t iea of exceedine; the nevor-exceed speed in  cllmb 
or level. flight, are  80 smll -*hat they woul.13 not be expected to 
influence the t o b l  flight time per OCCRB~CXI to my considerable 
degree. An analysis of the cambfned probabilitfee,  based on the 
assumption that %he .probabflftg curvet3 for c-b e3ld level flight 
are still valfd when extrapohtecl to the never-exoeed speed, &owed 
that the totax t ime per occe~~ion  WRB with3.n .4 percent of the total 
time baaed aimpl.7 an dlvfeion of tlp time per dccasion in descent 
b$ the  "deecent ratio, or *=ti0 of flight tlme Bpent in descent to. 
t o t a l  fllght t i m 3 .  In view of this small effect, of the uncertatntfeer 
in the extmpolations, and of the f a c t  that on& "order-of-magnitu&e" 
effects are  of interest, the t o t a l  time per occasfod c a n  be deter- 
mined with eufficient accuracy by the 8inqSl.e direct application of 
the descent ra t io .  

If 

Tho becent r a t i o  can bo ~ e e n  fmm table I T I  to vary between 
8 percent an& 15 percent for the varioue routes oansid6red In t h i e  
sample. Over this range of values the total flight the required 
t o  reach or exceed the never-exceed speed 18 shown in.flgure 5, 
from which it appear8 that the t o t a l  time is of the order of 1000 haurs 
per occaeion - indicating a rather frequmt occurrence. 

It may be noted in figure I that none of the experlmentql point8 
i 

on the descent curve actually exceed the never-oxceed speed, The 
question of the validity of extrapolation of the d&k..t;o. or beyond 
t he  never-exceed spoed therefom naturally arisee, Of COWBB, a 
probability analyeis euch as has been macle here 3?mvides a mathe- 
matical  basia for such extrapolation, but the extrapolation win be 
valid only if the law governtng the data combine to follow the 
mathemtical function throu@mut the range o f  extrapolation.. In 
the preaent  tn~.tance there nay bo 8- posslbilfty that the.laws 
governfng the data will change beyond the present l imfts of the data 
because of the never-exceed speed placard ' which TJ(U~IB the p i l o t  t o  
take aFpropriate action to avoid higher speedri. However, it seeme 
r ~ R E I O ~ b l e  t o  suppose that speed tr~crements above those values 
required for reasonable operation-under idea l  conditians are the 
resul t  of izladvertenciee or wruaual operational danaad.8. The 
existence of such lnadvertenctee under practical flying canditfone 
removes oomplote control of the &Irepeed from the nlll of the p i lo t ,  

t 
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and it follows, therefore, that .the &ita for &scent will fo l low a 
substantially continuous Synction even through the placard apeed. 
Thore i e  no doubt that, i n  general, the. exietence of a speed. 
placard does not prevent the placard speed fiiombeing exceeded 
becaum a great deal of V-G data are  avaihble to v e r i e  tkiis. 
point. It $&reae&ble, therefore, to acmt-.&.Xa h e  the 
e x t m g y ~ * ~ m ~ ~ f  -probabliity-for .Ctescent tbs ;e p ~ c d  
s$Geed t o  m e   own p6 i3 i f i - t i~ond ' ' t l t  iipeec "AEGbMng ly ,  it i0 
m ~ ~ 6 G C i e  t d F Z h % - E S - .  ~ Z S B .  shb*--that; an the avenage, the 
placard speed 4ay: or  wi l l l j e  reached or exceeded a given n W e r  of 
times, or that t h i s  epeed may 02 tjill be -reached o r  exceeded once 
in a given-nuniber of hoiars of flying. 

-Because  the data =re taken d e r  more o r  less normal weather 
. conditiom,.the airplane was at no t h e  upset by severe turbulence 
' to such a &egree that It m e  caueed t o  spin br dive at steep angles. 

Insofar as there is a 'clertai~i small prohbilfty of euch an ups&, 
a point or region iw'eventually reached where discontinuity 1p the - data may.be expected if eufficiently la rge quantities o f  data are 
obtained.: Owing t o   t h e  extremely small-.value of thfs prob&bi.llty, 
the .%gion of* d.iscont'inuity mi; obviously =e w e l l  'beyond ,the 
placard epeed and tave no bearing on the significance of  the 
present resu l t s  f o r  descent to  and somewhat beyond the placard 
speed. In  4ny event; bbymd such point aer.the upset condition 

b i l i t i e s  than given by the pree'en't curve. 
' affectEI the result,  the epeeds will be greater for given proba- 

c 

- .  Extxapolation of the climb and level-flight c m e 8  t o  the 
placard epeed l e  not  conaidered to be. justi ied. i n  view of the large 
gap between the highest 8peed.e recorded in e h e m  conditions and the 

a t ta ining exceealve speeds in ei ther  of these'canditione is euffl-  

naabriaLly affect& by 'such probe.~i l i ty  * 

* . Attention should, perhaps, be directed again to the fact that 
the present data apply t o  operatlone a t  a l t i tudes lees than 

. placetnl speed. As g r e v i o w l y  noted, hoverer, the probability of 

,' .cfently remote. that the eeaentia.1 stgnificetnce of the data $8 not 

.L 

' 20,000 feet .  Operaticme a t  higher alti tudee ~311 c m e  the ' 

,, relatiormhtp between probability- of exceeding "the critical'Mach 
number and, probabi3ity of exceeding the phcard speed BO that the 
fez" value.will become of greater importance rebtive -to its 
preeent, value. .. , -  
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coNcuTsIoNs 
. ." .j.,."';'.'" .<. . .. .. . , 

Analysis of airspeed an& altitude data  obtained at lese ' 

than 20,000 feet altitud? from Lockheed. C-mtellatfon. airplsnee 
operated by ~ ~ ~ ~ 8 c o h t ~ n e n . t a l  Pe&~m. Airline8 %&ween New York 
and Chicago; New York Kansakt : C i t y , .  and.'Rew York and sa32 
Francleco durfq t h e  earl$ summer of 1946 haa-fndicated the 
f o l lodng  conclusione : ..  - 

1. The ,probabiaty' of reaching or. exceed$n&~ the never-exceed 
epeed i s  euljstantially greater thm the probability of reaching . 
or exueeding  the c r i t i c a l  Mach number. 

2 b The probability of exceeding the crftlcal Mach number fa 
apparently neglldble . 

3. The probability OP reaching or exceeding the "novo~xcaed"  
speed in descent is 00 much greater than in level fU&t or c W b  
that descent 18 spparentlg the anly condition  of importance. 

4. The never-exaeed speed of 324 mllee per hour bTIU probably be 
exaeeded, OR the average, once in the order of u)O hours of doacent 
or once in the order of 1000 home of t o t a l  flying time. 

L 

5 .  While some elmiffcant differences mag exlet between the 
present reeulte and corresponding  result8 prevfouely obtahed over 
ocean routes on another airlfne, the two rem1t.e are of the B & ~ B  
order and sufficiently similar to fndicate that the high prob- 
ab1lit;y of attaining the greater values of airspeed l a  eessntirtlly 
due to the high perforavznce qualities of mode& transport a l r p b e e .  

Langley Memorial Aeronautical hboratory 
National Advisory Cormnittee for Aeronautice 

Langley Field, Va. 
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2. Peiser, A .  M., and Wilksrson, M. : A Method of A n a l y s i s  of . I 

V-G Recorda from .Tranepg+. Operatione'.' 'EJACA ARR Ba L5J04, 
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TABLE I1 
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Totals  

Frequency 
( lev0 I flight) 

3 

1019 

Frequency 
{descent) 
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Mach nwuber 

Tota le  

1 
4 
5 
5 
10 
18 
19 
16 
14 
18 
13  z 
7 
4 
2 
2 

1 

Frequency 
(descent) 

1 

1 
1 
1 
1 
1 
3 
4 
6 
II 
ll 
12 
16 
19 
24 
1-3 
17 
10 
7 
14 
2 
3 

1 

178 
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