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The variability of the numbers of bumps experienced during flights of a 

typical passenger transport during normal operation is examined in order that 

the sequence of load s applied in the fatigue test of an aircraft structure may 

more nearly simulate that occurring in practice, A statistical distribution 

of a standard form is fitted to the observations. 

It is found that the magnitude distribution of bumps within a flight is 

dependent on the total number of bunps in the flight, and the correlation 

between successive flights is found to be low. 

The degree to whioh the results can be extended to apply to other 

a&oraft is discussed. 

It is conoluded that the findings of the paper are sufficient to enable 

comparative tests to be done to assess the effeot of variability between 

flights on fatigue life. 
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I INTRODUCTION r-- 

In the early days of fatigue testing of aircraft structures, alternating 

loads of constant amplitude were usually applied, and an assessment of fatigue 

life made on the basis of Miner's rule, 

f 

Y 

It was soon felt that this procedure was inadequate because of the 

doubtful accuracy of the rule, and attempts were made to make the applied 

loading more realistic. For this reason programme loading tests were developed 

in which a range of loading cycles representing gust and manoeuvre loads in 

flight are interspersed between loads representing the ground-to-air cycle. 

Work of this kind has shown the importance of the order in which the 

loads are applied on the fatigue life aohieved, and it may be that the present 

procedure still does not simulate with sufficient accuracy the sequence of 

loads experienced by an aircraft during its actual operational life. 

In particular, the application of a given number of loading oycles 

between each ground-to-air cycle is unrealistic. Some flights are calm, some 

are extremely turbulent, and the majority of flights range somewhere between 

the two extremes. It is the object of this paper to examine this variability 

between flights. 

: 

'Y 

For the purpose of the investigation, counting accelerometer records from 

Viscount airoraft operated by British European Airways are examined. This is 

considered to be a fairly typical case, and over one thousand flights were 

available for analysis. 

2 INSTRUMENTATION AND KCTIIOD 0% IIQ=ESTIGATION -s-N.. 

During the flights under consideration the aircraft carried a counting 

accelerometer Mk.4, and this instrument recorded the numbers of times normal 

acceleration increments (subsequently referred to as bumps) of 0.2, 0.3, 0.4, 

0.6, 0.8, l,O, le2, 1.4 and I.69 units were exceeded, The counter readings, 

altimeter and air-speed indicator were photographed automatically at given 

intervals of time, but for the present purpose only the total acceleration 

counts for each flight are considered. 

In the present analysis each complete flight is classified according to 

the number of bumps of 012g, or greater, occurring during the flight, and the 

resulting distribution examined. 

However, this is not the whole problem, When a flight is very rough, 

not only are more bumps experienced, but there is likely to be a higher 
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proportion of large bumps relative to the smaller ones. It is thus neoessary 

to know both the distribution of bumps per flight, and also for a given number 

of bumps in a flight the probable magnitude distribution among them. 

To examine this faotor, flights are grouped according to bumps per 

flight, and the magnitude distribution of bumps within each group is examined. 

The degree to which successive flights are correlated is 

finally oonsideration is given to the application of the 

aircraft, and for this purpose the ways in which certain 

aooeleration and duration of flight are examined. 

3 ANALYSIS OF DATA 

then studied,and 

results to other 

parameters vary with 

The classification of flights according to the'number of bumps of 0.2g, 

or greater, occurring during the flight is given in Table 1, and the cumula- 

tive distribution up to 120 bumps in a flight is shown in Fig.1. In both 

Table 1 and Fig.1 comparison is made with a theoretical distribution, the 

estimation of which is now described. 
x I,2 In previous papers the author has examined the distribution of bumps 

within IO-minute intervals, and has found that the generating function of the 

distribution is given with reasonable accuracy by a binomial expression with 

negative exponent. In the present case we have additional variability because 

of differing lengths of flight and any long-term trends that may be present; 

but, nevertheless, fitting a function of this kind will provide a useful 

starting point (this is equivalent to fitting, in the continuous case, a 

Pearson Type III distribution with known origin). 

Let the proportion of flights wit'n exactly n bumps be given by the 

coefficient of tn in the expansion of 

I(1 f P) - Ptl-k l (1) 

The mean number of bumps per flight, m,,is equal to pk and the variance 

is pk(1 + p). As the variance is (1 + p) times the mean, the parameter p can 

be taken as an indication of the variability of the data, and will be referred 

to as the variability parameter. 

Putting pk and pk(1 + p) equal to the mean and variance respectively* 

of the observed distribution of Table 1 gives:- 

. 

; 

, 

*As pointed out in the earlier papers referred to, fitting by momonts is not an 
efficient method, but here its convenience outweighs other considerations. 
Fitting by maximum likelihood would be far too long, even on a computer, and 
fitting to mean and first term is not so good here as previously because k is 
not small. 
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p = 42.7460 

k = 0.541,323 l 

The distribution estimated from these parameters and multiplied by the 

total number of flights is given in Table 1 and shown plotted in Fig.l*. 

A oomparison of observed and calculated values shows that there is a 

discrepancy in the zero class, but over the main body of the distribution the 

fit is considered adequate. It is likely that the discrepancy is due to the 

effect of manoeuvring loads. On the majority of flights it is probable that 

some manoeuvres are made near the beginning or end of the flight, which, even 

if they are too small to register themselves, would, in combination with small 

gusts, often be sufficient to actuate the counters. For the purpose of 

fatigue testing, the discrepancy is not likely to be serious, particularly as 

the overall total of bumps is correct, and it is suggested that the given 

expression represents the actual loads with sufficient accuracy, 

4 THE: MAGNITUDE DISTRIBUTION OF BUMPS WITHIN FLIGHTS -m- ----.. --- 

T 

Having decided upon a distribution givin, 0 the numbers of bumps of 0.2g, 

or greater, per flight, the next question to be examined is the way in whioh \ 

the magnitudes of the bumps are distributed within flights. 

The result of grouping flights according to the number of bumps of 0.2g, 

or greater, and totalling the bumps of all magnitudes for each group, is shown 

in Table 5. It will be seen that, as the number of bumps per flight increases, 

. 

so also does the proportion of larger bumps, The average number of bumps of 

different magnitudes per flight for each group is shown plotted in Fig.5 (only 

points based on more than ten bumps have been shown). It will be seen from 

Fig.5 that the distributions form a family, each intersecting the vertical axis 

at the same point, oorresponding,in the usual terminology,to the average number 

of "zero crossings" per flight, The change from one distribution to another 

corresponds merely to a change of scale in the horizontal direction. 

The experimental points do not, of course, follow this relationship 

exactly, and an expression representing the average shape of the curve has 
, s 

been derived:- 

-...-- 

*As the number of flights and the number of bumps can take only integral values, 
the observed distribution should be represented on the diagram by a series of 
discrete points, no meaning being attached to intermediate values. However, 
for convenience in plotting and reading the figure, a smooth curve has been 
drawn through the calculated values. The same procedure has been followed in 
Figs.24 
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N = 130 exp (- ,.,yo,,> + 2530 exP (- *&$I ' (2) 

where 'a' is the aircraft normal acceleration in g units, i.e. magnitude of 

bump, N is the mean number of bumps per flight equal to or exceeding an I 
acceleration, a, for a given number of bumps of 0.2g or greater, and lrt is 

a parameter determining the scale. 

When r = 1 and a = 0.2, expression (2) gives N = 100, and by varying r, 

the range of distributions of Fig:.5 is obtained. The number of zero crossings 

per flight is seen to be 130 + 2530 = 2660. 

5 CORRELATION BETKEEN SUCCESSIVE FLIGHTS 

We have now determined the distribution of bumps between flights and the 

magnitude distribution within a flight, In making use of this information in 

a fatigue test we shall also require to know whether it is sufficient to 

sample the distribution for the number of bumps com$etely at random, or 

whether some correlation between successive flights should be introduced, As 

kinds of weather often persist for times that are long compared with the 

duration of a flight, it is to be expected that some correlation exists 

between flights, An assessment of the magnitude of this effect will be given 

by the serial correlations between the numbers of bumps in a series of 

flights. Unfortunately, apart from aircraft unserviceability, which is a part 

of the phenomenon being studied, gaps exist in the data due to instrument 

unserviceability and often when film changes are necessary. However, one 

film from the counting accelerometers usually covers about sixteen successive 

flights, and since, as will be seen later, only the first few serial correla- 

tions are significant, it has been thought sufficient to treat the whole data 

as a complete sequence, and assume that this is fairly typical of what occurs 

in practice. 

When this is done it is found that 

rl 
= 0.224 

r2 = 0,055 

r3 = 0.014 
. 

% 
= 0.04-8 

r5 
= 0.024 

with standard errors of 0,033. 
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These values , particularly that for r 1' 
are surprisingly small, and 

only r, differs significantly from zero. 

The oorrelogram is shown in Fig. 6. It would appear unnecessary at this 

stage to introduce any refinement into the fatigue test to correlate numbers 

of loads in successive flights, although this is simple to do*. 

6 VARIABILITY AT DIFIZRENT ACCELERATION LEVELS 
; 

'. 

With the derivation of the distribution of bumps per flight, and the 

magnitude distribution within a flight for a given number of humps, and the 

determination of the correlation between flights, the problem as regards the 

Viscount may be considered solved, However, if we wish to apply the results 

9uppose that, instead of sampling at random from: 

(1 + p - pqk (1) 
we sample from: 

(1 + p - pt)-Oeilk 

obtaining a series of values x , , x2, x3> etc. 

If we now form the successive sums x, + x2 + x3 + x4 + x 5, x5 + x6 + x7 + xf-j + 

x9' x9 + xl0 + xl1 + xl2 + y3, etca, then these sums will have the distribution 

(1) and also have a first serial correlation of 0.2. 

More generally, if we select at random from 

(1 + P - Pt) 
-kl 

a serries of values x ,, x2, x3, etc., and from 

(1 f p - pt)-k* 

a series of values y,, y2, y3’ etc. 

and form the successive sums x , + Y, + 3’ x2 + Y2 + x3, x3 + Y3 + x4, do. , 
then the distribution of these sums will be given by 

(1 + P - Pt) 
-2k, -k2 

and the correlation between successive values will be k,/(2k, + k2). The 

scheme can obviously be extended if necessary to include serial correlations 

with higher lags. 
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to other aircraft, more needs to be done. Different aircraft respond to 

different extents to the same gust, and a gust that produces a 0.2g bump on a 

Visoount airoraft will not necessarily produce the same acceleration on 

another aircraft. 

It is thus necessary to determine how the parameters of the distribution 

given by (1) vary with acceleration. In order to do this, the prooedure 

already oarried out for 0.2g is repeated for 0,3g, 0.4g and 0.6g. The results 

are given in Tables 2-14, and shown plotted in Figs.24 in order to indioate 

the adequacy of fitting. From these results the following short table is 

extraoted:- 

I Accelc: ration Mean number of 
bumps per flight Variability 

I 

G.1 n A.11 6 units 
a of a or greater parameter 

m P 

0.2 23.1394 42.7460 
0.3 4.0526 I 6.6623 

0.4 0.8781 8.1797 
0.6 0.0748 1.7771 

The values of m and p are shovm plotted against a in Fig.7, so that for 

a given value of a, the values of m and p can be read off directly. 

A more striking relationship to be deriyed from this table is, however, 

that between m and p. This is shown plotted on logarithmic scales in Fig.8, 

where it can be seen that a simple power law holds between the two variables 

over a wide range. Fitting to the two most significant points gives:- 

7 82 m"'541 p=. e (3) 

So far the analysis would be sufficient to compare the results from the 

Visoount data with another aircraft, say airoraft B, whioh was operated with 

regard to routes, flight plan and so on, in exactly the same way as the 

Viscount, but which had different response characteristics. By finding the ' 

acceleration on the Viscount corresponding to 0.2g on airoraft B, the required 

values of m and p can bc determined from Fig.7. Since it follows that the 

zero orossings are unchanged, the magnitude distribution can be determined 

from (2) as before. 

. 

, 

If the average duration of flight for the two aircraft are not the same, 

difficulties arise. Consider the case in which aircraft B increases its 
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average duration to twice that of the Viscount. It will help to simplify the 

argument if, for the moment, we ignore the fact that each flight has only one 

climb and one descent, during which time the majority of bumps are encountered. 

Two extreme cases can be considered. If we choose two Viscount flights 

at random, and imagine them joined in time to form a longer flight, this 

would double the average duration. Since the two flights were selected at 

random, the generating function for the longer flights would be the square of 

expression (I), and thus, would be obtained merely by replacing k by 2k, 

leaving the rest of the expression unchanged. 

‘. However, this is certainly not the case in prsctioe, since there is a 

high correlation between the two halves of the flight,, As our second extreme 

case, if this correlation were unity, with the second part of the flight 

duplicating the first, the effect would be merely to double the numbers of 

bumps of all magnitudes per flight. Thus, the mean would be doubled and the 

variance increased by a factor of 4, so that the value of (1 + p) would be 

doubled - for large values of p, approximately equivalent to doubling p. 

Now m = kp, and we see that the two extreme cases correspond to inoreas- 

ing m by increasing k only when the parts of the flight are uncorrelated, or 

by increasing p only, when there is perfect correlation. 

It is oossiblc that in reality the way in which p and k contribute to 

changes in m depend on the kind of turbulence being considered, Fol> turbulence 

due to convective activity persisting over wide areas, the mean probably 

depends largely on p. If, however, we restrict ourselves to a consideration 

of the high altitude cruise of long-range aircraft in which sporadic clear air 

turbulence contributes significantly, then k may become more important. 

What help do the observations a t present under consideration give in 

answering these questions? 

7 IXFLUENCE OF FLIGHT DUMTION ON THE MEAN NUMBER OF BUMPS AND Vf-~KLABILITY -__I -u 

We can get some insight into the problem by taking the present data, 

grouping them according to duration of flight And calculating the values of 

m and p for each group, The disadvantage of this procedure is that for each 

group the variation in flight time is much smaller than for the sample as a 

whole. This automatically causes a reduction in the variability and decreases 

p accordingly. It is, therefore, to be expected that the average value of p 

for the grouped data will not necessarily agree with that for the data treated 

as a whole, and the values of p thus obtained will not be representative of 
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normal operational flying with a wider scatter of durations, In ,spite of this, 

such a grouping should provide a useful guide to the way in which,p depends on 

duration, and the results are given in the following table:- 
,  II’ 

1 

Range of 
times 

minutes 

Average 
time 

minutes 

o- 59 4-1.2 

60 - 89 76.0 

90 - 119 103,8 
120 - -I49 135.2 
150 - 179 164.5 

180 - 209 194.1 
210 or more 231.2 

Before considering the variations of p, let us first of all examine the 

way in which the average number of bumps per flight varies with duration, 

This is illustrated by Fig.9, 

There is a considerable scatter of results but, apart from this, it is 

immediately obvious that the two quantities are not proportional to one 

another. This, of course, was anticipated in the previous discussion, and is 

due to the fact that the majority of bumps are encountered during climb and 

descent, whereas increasing duration is due normally to an increase in the 

oruise. The full line in Fig,9 has been estimated using some figures from 

previous work by Heath-Smithj. For Viscounts operated by B.E.A. he has found I 
that 35.76s of the time is spent in climb and descent, while 76.75% of the 

bumps are encountered during climb and descent. For the data under considera- 

tion here 'the average duration of flight is 126.5 minutes, and the average 

number of bumps per flight is 23.14. Dividing these in the proportions found 

by Heath-Smith gives 45.2 minutes per flight for climb and descent, and 81.3 

minutes for cruise, while each climb and descent accounts for 17.76 bumps, and 

each oruise averages 5.38 bumps. Thus, the average rate of encountering bumps 

in the cruise is 0,0662 per minute. The relation between the mean number of 

bumps per flight, m, and the duration, T, in minutes, is therefore:- 

m = 17.76 + 0.0662 (T - 42.2) 

i.e. 

. 

m = 14.77 + 0.0662T X4) 
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The trend of the experimental points in Fig.9 shows good agreement with this 

estimate. 

. . 

Eowever, we are mainly concerned with the relationship between m and p, 

and Fig.lOa shows their values plotted logarithmically. Apart from one point, 

a simple power law relationship appears to fit the facts reasonably well, and 

the fact that its slope is at 4.5' shows that m is proportional to p0 Thus, 

the whole of the variation in m is contributed by p, indicating high correla- 

tion between conditions throughout each flight, Fig.lOb shows the same values 

plotted to linear scales. 

Even allowing for the large sampling errors, the discrepancy shown by 

the point representing flights of over $hours is hard to explain,, This point 

represents 101 flights, and a closer examination reveals that of these, two 

were exceptionally rough and accounted for almost a quarter of the bumps and 

over two-thirds of the variance in this class. It is possible that in very 

rough weather it was necessary in these cases to make diversions, and this 

would account for the combination of long flights and severe conditions. Some 

such explanation of the large departure from the otherwise well-established 

relationship seems plausible. 

All things considered, it seems reasonable to assume that variations in 

the mean number of bumps per flight due to changes in flight duration produoe 

a corresponding change in the parameter p, and leave the value of k unaltered. 

This result is not altogether unexpected but makes rather more surpris- 

ing the low correlation between flights which was found earlier, and implies 

that for times and distanoes above the average flight values the correlation 

falls off rapidly. A good deal of caution should, therefore, be exercised in 

extrapolating to very long flights. 

8 APPLICATION OF RESULTS TO OTHER AIRCRAFT -- 

We have now obtained the distribution of bumps per flight, the magnitude 

distribution within flights and the correlation between flights for Viscount 

aircraft, and have examined in a general way the effect of changes in aircraft 

response and of average flight duration. It will, perhaps, be useful at this 

stage to go through the successive step s necessary to apply what we have learnt 

from the Viscount to another aircraft. 

The first step is to derive by the best means available the distribution 

of the average numbers of bumps of different magnitudes per flight. In the 

absence of counting acoelerometer or fatigue meter data, estimates based on 
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the flight plan and existing gust data may be used. This distribution is then 

compared with the corresponding distribution for the Viscount given in Fig.7 

of this paper. Such a comparison is illustrated in Fig.11, where the Viscount 

ourve of Fig.7 is plotted with a similar ourve for a hypothetical aircraft B. 

Generally speaking, it will be found that the curves differ in two 

respects, Firstly, they intersect the vertical axis at different points; 

that is, the average numbers of zero crossings per flight differ, This 

corresponds to a difference in exposure to turbulence, and is the kind of 

change produced by changes in the average duration of flight, A vertical 

translation of the Curve for aircraft B, so that the'intersections on the axis 

ooincide, leaves a horizontal scale difference of the kind produced by 

differenoes in response, and usually it will be found that the curves are 

similar in shape. 

Now a change in response implies that a gust producing a 0,2g bump on 

aircraft B produces a different acceleration on the Viscount, and we have 

already examined how the parameter'p varies with acceleration level for the 

Viscount. The value of p for the required acceleration level can therefore be 

read off directly from Fig.7. Alternatively, p can be calculated from the 

change in m and expression (3). 

The vertical translation of the curve corresponds to a change in the 

degree of exposure to turbulence, and is allowed for by factoring the new 

value of p in the same ratio as the number of zero crossings. 

Referring to Fig.11, the value of p is required for the point A on the 

curve for aircraft B. The ohange from A to B - that is the change in the 

number of zero orossings - is given by a factor corresponding to AB, i.e. 1.5. 

An acceleration of 0.2g on aircraft B corresponds to an acceleration of 0.182g 

on the Visoount, and change due> to this difference of response corresponds to 

the change CD of the Viscount curve. Bearing in mind the power law relation- 

ship between p and m given by (3), this is found from the figure as the faotor 

corresponding to 0,!54BC, and this is 1.2. 

Thus, the distribution of bumps of 0.2g or greater in a flight for 

airoraft B is given by (1) with m = 48.5 and p = 77# 1. 

The magnitude distribution of bumps within flights is given by expression 

(2) multiplied by a factor of 1.5 to allow for the change in the number of zero 

crossings, and this becomes 
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i a N = 195exp ---- 
L 

\ 0.1108r, + 37g5 exP (- *) 

the range of distributions being produced, as before, by varying r. 

. 

Little can be said regarding correlation between flights without more 

knowledge of the circumstances. In the case of the Viscount this correlation 

was seen to be small and perhaps negligible for fatigue test purposes, so 

that for any aircraft operating with roughly the same duration of flight or 

longer, it is probably safe to neglect it, certainly as a first approximation. 

For an aircraft flying a larger number of shorter routes per day the effect 
may become more significant. 

9 CONCLUDING REM.RKS v- 

Existing information has made it possible to examine the distribution of 

numbers of bumps in a flight, the magnitude distribution of bumps within a 

flight, and the correlation between flights, for Viscount aircraft operated 
by British European Airways. 

It has also been possible to make an asse-- O,ment of how the parameters 

characterising these distributions are affected by factors such as differing 

aircraft response and duration of flight. Many of the conclusions, however, 

are of a somewhat tentative nature, and rcauire confirmation from further 

work to place them on a firm basis. Nevertheless, the information given is 

considered adequate for comparative fatigue investigations. 
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Table 1 

JIISTRIBUTION OF NUMBER OF BUMPS OF 0,2& OR GREATER IN A FLIGHT - --- 

No. of bumps 
of 0.2g or 
greater in 
a Plight 

n 

0 
I 

f 
4 

65 
7 

; 
IO 

'11 
12 
13 
14 
15 
16 
I-7 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

;: 

;: 

:i 

;z 
37 
38 
39 
;y . 

42 

E 

g 
47 

c 

Number of 
flights with 

n bumps. 
Observed 

I- 
i 

7’: 
;: 
41 

;; 
33 

;z 
30 
29 
23 
23 

:: 
22 
25 
19 
16 
22 
13 

3 

69 
14 
11 I 
10 
IO 

8 
11 
10 

z 
8 

7' 

2 
11 
5 

; 
7 
8 

i 

Number of flights 
with n bUiqs 

or more 

lbserved :alculated 

1083 
1026 

955 
887 
837 
796 
763 
726 
693 
660 
624 

552; 
542 
519 
497 
465 
443 
418 
399 
383 
361 
348 
341 
334 
325 
319 
305 
294 
284 
274 
266 
255 
245 
236 
230 
222 
217 
210 
207 
201 
190 
185 
178 
175 
168 
160 
158 

1083.0 
942.9 
868.8 
813.0 
766.9 
726.9 
691.5 
659.5 
630.2 
603.3 
578.4 
555.1 
533.3 
512.8 
493. 5 
475.3 

if:*: 
426: 0 
411.2 
397.0 
383.5 
370.5 
358.2 
346.3 
335.0 
324.1 

;A;‘: 
294: 0 
284.7 
275.6 
267.2 
25809 
250.9 
243.2 
235.8 
228.7 
221.8 
215.1 
208.7 

'202.5 
196.5 
190.7 
185.1 
179.6 
174.4 
169.3 

~~~ 
n 

Es 4 7 152 148 159.6 164.4 

;: ; 141 138 155.0 150.6 

5’: tt 133 129 146.3 142.1 
54 i 125 138.1 

;z 120 116 134.1 130.3 
5': 4 8 102 110 123.1 126.7 

65: 3 2 99; 119.6 116.3 
61 2 93 113.0 

2: 1 2 :k 109.9 106.8 
64 2 88 103.8 
65 2 86 101 .o 
67 : 84 951.5 
2; 4 ;i. 92.8 

;: 2 

: 3 

:‘; 85.4 g:; 

;: 70 66 83.1 78.6 
;z f 63 61 76.4 

78 1 60 $::: 
79 2 68.5 
80 

iii 

: 
;; 

66.6 

55 1 
89 : ;1' 

61.4 53.6 
52.2 

90 50.8 

;i 1 2 :z $?T 
94 2 t; 4516 
;: 2 2 41 

98 1 
99 1 

g 

42.1 44.4 

41.0 
39.9 

100 1 ;: 38.9 
102 2 36.8 

103 104 : ;1" E 
106 3 28 33:1 
108 1 25 31.4 
111 1 24 29.0 
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Table 1 Continued 

lo. of buups 
of 0.2g or 
greater in 
a flight 

n m 

Number of 
flights wlth 

n bUrl@S. 

Observed 

112 1 
115 1 
116 1 
119 1 
124 2 
130 1 
133 1 
136 2 
140 2 
142 1 

143 1 
147 1 
148 1 
162 1 
185 1 
191 1 
245 1 
282 1 

294 1 
341 1 

- - I  

Number of fllghts 
with n bUii-@ 

or more 

lbserved Xlculated 

23 
22 
21 
20 
19 
17 
16 
15 
13 
II 
IO 

i 
7 ? 
6 

: 
3 
2 
1 , 

28.3 
26.1 
25.5 
23.5 
20.7 
17.7 
16.3 
15.1 
13.6 
13.0 
12.6 
11.4 
II .I 

Not 
Calculated 
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Table 2 

DISTRIBUTION OF NUMBER OF BiJWS OF 0,3g OR GRLATER IN A FLIGHT_ 

lo. rJf bumps 
of O.Jg or 
greater In 

a night 
n 

0 

1 

3’ 

I 

t 

9” 
10 
11 
12 
13 . 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
27 
28 

:1" 
32 

2 

;z 
41 

Nuuber of 
tllghts wlth 

II bUDQS. . 
Observed 

440 
154 
104 

65 

45; 
2s 
29 
19 s 
21 
15 
13 

6 
8 
8 
8 
4 
3 

11 

:, 
4 
3 
3 
2 
2 

; 
1 
3 
2 
I 
1 
1 
2 

- 
Number of flights 

with n bumps 
or more 1 

Observed 
-- 

1083 
643 

‘;i; 

320 
263 
220 
192 
163 
144 
123 
108 

ii; 

7": 
65 

;A 

:z 

42 
38 

;z 

30 
28 
25 
22 
21 
18 
16 
15 
14 
-l3 

-- 

alculated 

1083.0 
544.3 
420.7 
348.3 
297.1 
258.0 
226.7 
200.9 
179.2 
160.6 
144.6 
130.6 
118.4 
107.5 
97.9 
89.3 
81.5 
74.6 
68.4 
62.7 
57.6 
53.0 
4.808 

kg 

30:1 
27.9 
23.9 
22.1 
20.5 
19.0 
17.6 
16.4 
11.3 

c 

I Jo. of bumps 
0r 0.3g or 
greater in 

a flight 
n 

8 42 
43 

;; 

;o" 

71 
78 
81 

Number of 
flights with 

n bunps. 
0 bserved 

1 
1 
1 
1 
1 
1 
1 
1 
1 
2 

T Number of flights 
with n bumps 

or more 

Observed 

11 

IO 

z 

7 
6 

z 
3 
2 

I 

Calculated 

10.5 
9.8 
7.9 
7.4 
2.1 1.7 

I.5 
1.4 
0.9 
0.7 
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. 

Table 3 

DISTRIBUTION OF NWiBiXR OF BUMPS Op 0.4~: OR GREATER-IN A FLIGHT 

o. of bumps 
of 0.4g or 
greater in 

a flight 
n 

0 
1 

: 
4 

ST 
7 
a 
9 

10 
11 
12 
13 
14 
15 
16 
26 

2 
41 

Number of 
flights with 

n bumps. 
Observed 

801 
133 

51 
30 
15 

7 
11 

:: 
4 
4 

;i 

: 
2 
2 
I 
1 
1 
1 

Number of flights 
with n bumps 

or more 

Observed 

I 083 
282 
149 

98 
68 

2 

;7 
27 
23 
19 
16 
12 
11 

a 

: 
3 
2 
1 

s-u__ 

Calculated 

1083.0 
229.4 
147.7 
107.4 

82,2 
64.8 
52.0 
4293 
34.8 
28.8 
24.0 
20.1 
16.9 
14.3 
12.1 
10.3 

a.8 
2.0 
1.1 
0.6 
0.2 

Table 4 

DISTRIBUTION 03' NUMBER OB BUKPS OF 0.6g OR GREATER II'! 1? FLIGHT 



Table 5 

MAGKWUDE DISTRIBU~ON3 OF BUh!PS FOR DI?E!'m i'lUE3ERS OF 

BUMPS OF 0.2g OR GRaTm IN A FLIGHT 
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SYMEiOLS 

1 
a 

g 

k 

m 

N 

n 

P 

r 

r,,r2, etc. 

T 

aircraft normal acceleration 

acceleration due to gravity 

a parameter in the distribution of number of bumps in a flight, - 

expression (1) 

the mean number of bumps of a given acceleration or greater per 

flight 

the mean number of bumps of a given acceleration or greater in 

a class of flights restricted by the number of bumps occurring 

in them, - expression (2) 

the number of bumps of a given acceleration or greater in a 

flight 

a parameter in the distribution of number of bumps in a flight - 

expression (I) 

a scale parameter in expression (2) 

serial correlation ooefficients between numbers of bumps in a 

flight 

duration of flight 
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1 N.I. Bullen The sampling errors of atmospheric turbulence 
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aircraft ever Europe. 
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THE C-HANCE OF A ROUGH FLIGHT February 1968 

The varlabllltY or the numbers 0r bumps experienced during riights of a 
typical passenger transport during normal OperatlOn 1s examined In order 
that the sequence of loads applied ln the ratlgue test or an aircraft 
structure may more nearly simulate that occurring ln practice. A statls- 
tlcal dlstrlbutlon or a standard rorm 1s flttecl to the observations. 

A.R.C. C.P. No. 836 

rjullen, N.I. 

THE CHANCE OF A ROUGH FLIGHT 

833.8.048.5: 
519.24: 
833.6.013.6 

February 1966 

The varlablllty or the numbers or bumps experienced during riights or a 
typical passenger transport during normal operatlon 1s examined In order 
that the sequence or loads applied in the ratlgue test or an alrcrart 
structure may more nearly simulate that occurring ln practice. A statls- 
tlcal distribution of a standard form 1s fitted to the observations. 

It is round that the magnitude dlstrlbutlon or bumps within a rllght 1s It 1s round that the magnitude dlstrlbutlon or blIDlDS within a rilght 1s 
dependent on the total number or bumps ln the night, and the correlation dependent on the total number or bumps ln the riight, and the correlation 
between successive rilghts 1s round to be low. between successive rllgbts 1s round to be low. 

The degree to which the results can be extended to apply to other alrcrart 
1s dlscussed. 

The degree to which the results can be extended to apply to other aircraft 
1s discussed. 

It 1s concluded that the flndlngs of the paper are surrlclent to enable 
comparative tests to be done to assess the errect or varlablllty between 
rilghts on ratlgue life. 

It 1s concluded that the findings or the paper are sutrlclent to enable 
comparative tests to be done to assess the effect of varlabllltY between 
riights on ratlgue llre. 
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