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SUMMARY 

Four load-time histories of turbulence encountered by Concorde are 

analysed by six different peak-counting and level-crossing counting procedures 
using the ICL 1904A computing facilities. The frequency distributions obtained 
are then used to find fatigue life ratios using the Miner-Palmgren hypothesis 

of cumulative damage. 

The results show that those methods which consider every level crossed 

or every peak encountered give shorter life estimates than those which disregard 
all minor intermediate load fluctuations. Those which depend upon threshold 

conditions occupy an intermediate position. Correlation and spectral analyses 

are also conducted for each flight. 

* Replaces RAF Technical Report 73200 - ARC 35297 
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1 INTRODUCTION 

c 

In view of the forthcoming arrival of thousands of hours of mandatory 

recording data at the RAE it is considered useful to have at hand computer 

programs to analyse load data using various counting methods, so that patches of 

turbulence may be examined by the method which seems to describe the load 

sequence best for use in damage calculations. Three flights of Concorde 001 and 

one of 002, chosen for their turbulence encounters are used as data, 

Six different counting methods called (a) the peak-count method, (b) the 

simple peak-count method, (c) h t e range-restricted peak-count method, (d) the 

simple level-crossing method, (e) the variable re-set method, and (f) the level- 

restricted peak-count method are considered here and these fall into two 

categories known as peak-counting and level-crossing methods, (a>, (4 and (e) 

are examined in Sewell’s report of Ref.], where they are also used to analyse 

actual flight records. In Ref.2, van Dijk considers these and four other 

methods , categorised as range-count methods, and Schijve in Ref .3 analyses 

several of these methods also. However, since the techniques involved in the 

range-count methods are fundamentally different from those used in the six 

methods named above, comparison of the results would be a little meaningless so 

this Report restricts itself to the methods (a) to (f) only. 

An important factor in designing against fatigue is to assess what loading 

environment is likely to be encountered by the aircraft. Ref. 1 indicates that 

the three methods studied therein lead to substantially different fatigue life 

estimates, and this is because the different counting techniques do, in effect, 

change the envi ronmen t as s umed . The frequency distributions obtained by all six 

methods considered in this Report are used to obtain comparative estimates of 

fatigue life based on the Miner-Palmgren4 hypothesis of cumulative damage, and, 

for this, curves are fitted to the cumulative cycle distributions. 

Using a computer program5 developed in the United States and modified at 

the RAE, correlation and spectral analyses are carried out to examine further 

the response of the aircraft to the turbulence encountered. The predominant 

frequencies are found to correspond to symmetric wing modes, 

Although these counting methods are applied to centre of gravity normal 

accelerations in this Report, they may also be applied to measurements such as 

wing-root bending moment and strain values, although the interpretation and 

meaning of the results from the various instruments, because of their different 

response characteris tics, even if they are positioned at the same point in the 

aircraft, may be quite different, 



2 THE COUNTING TECHNIQUES CONSIDERED 

The range of normal accelerations for the Concorde data is split up into 
various levels at 0.05 g intervals in both the positive and negative direction 
from the datum, which is considered separately as the zero mean or the actual 

mean. Two levels are chosen on either side of the datum and only peaks which 
have magnitude greater than the magnitude of these levels are considered. In 

this Report these are taken at ho.05 g, so that minor deviations from the datum 

are neglected. 

The methods are described for positive excursions from the datum only, 
but the negative excursions are handled in an analogous way. Several methods 

require a peak and trough detection process and this is described in the 
Appendix, section A.2. 

Mostelectro-mechanical counting accelerometers give cumulative counts and 

the peak-counting methods described below are of this type. 

2.1 Peak-count method 

This method is the most selective one considered as only the maximum 

excursion from the datumis counted between successive datum crossings. Then a 
count is made of each level up to and including the maximum level crossed by 

the excursion considered. Thus it can be seen that secondary load variations 

are disregarded completely. 

The name adopted here is the same as in Ref.1, but in Refs.2 and 3 the 

method is called the 'peak-between-mean crossings' count method and the 'mean- 

crossing-peak-count method'respectively. The programming details are discussed 
in the Appendix, section A.2. The method is illustrated in Fig.la. 

2.2 Simple peak-count method 

This method is the least restrictive of all those considered here. Every 
peak value above, or every peak value below the datum is noted and a cumulative 

count made, i.e. a count is made of every level up to and including the maximum 
level encountered by each peak. The results are, therefore, seriously 
influenced by small load variations which are counted as if they were signifi- 

cant. These small variations may be disregarded by imposing certain restric- 

tions such as those described in sections 2.3 and 2.6 below. The simple peak- 
count method is illustrated in Fig.lb and the program is discussed in the 

Appendix, section A.2. 

f 
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This method is one of those considered by van Dijk2, who names it ’ the 

peak-count method’, as does Schijve3. 

2.3 Range-restricted peak-count method 

Only those peaks which are both preceded and followed by drops of at 

least a certain magnitude (0.05 g) or a fixed percentage (50%) of the incre- 

mental peak value, whichever is the greater, are counted. It can be seen that 

intermediate load variations are rigorously disregarded but that in so doing 

some significant deviations may be neglected. Adaptations of both this method 
8 and the one described in section 2.6 are used in VGH records ; however the 

percentage drop requirement is usually greater than 50%. It is illustrated in 

Fig. 2a, and the program is described in the Appendix, section A.3. 

2.4 Simple level-crossing method 

As the name suggests the method counts every crossing of the predetermined 

acceleration levels, and, in this Report, when on the positive side of the datum 

only the positive slope level crossings are counted, and on the negative side 

those crossings with negative slope are the ones considered. When the record 

starts and ends at the datum there is no difference to the resulting frequency 

distributions if the opposite slopes are used. Widely different load patterns 

can yield the same number of counts at each level with this method of counting. 

Every intermediate load variation is considered, however irrelevant it might be 

in the actual effect it has on fatigue life. To compensate to some extent for 

this those level crossings which are associated with load variations smaller 

than a certain range value may be disregarded and this is described in 

section 2.5 below. The technique is illustrated in Fig.2b, and the program is 

described in the Appendix, section A.4. 

2.5 Variable re-set method 

This method is also a level-crossing method, but here thresholds are 

introduced. The crossing of a certain acceleration level (primary level) is 

counted only if a lower level (secondary level) is subsequently crossed in the 

opposite direction. The threshold is defined as the distance between the 

primary and secondary levels. The primary and secondary counting levels 

applied in this Report are tabulated below. It can be seen that the threshold 

is related to the amplitude of the primary counting level, i.e. the greater the 

size of the primary counting level being considered the greater the drop must be 
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to the secondary counting level before a count is made. The numbers given below 

are relative to the datum. 

Acceleration levels (+ve> in 'g' 

Primary 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 

Secondary 0.0 0.05 0.05 0.10 0.10 0.15 0.15 0.20 0.20 0.25 0.25 

The negative primary levels have secondary levels in analogous positions 

to the positive ones. 

The method excludes counts from small amplitude load variations about some 
mean level, but it is still influenced to some extent by intermediate fluctua- 

tions and also the same counts may result from very different load patterns. 

This method is that named as the restricted level-crossing method and the 
fatiguemeter count method respectively in Refs.2 and 3. These methods are 
associated with the fatiguemeter developed at RAE 697 . 

The method is illustrated in Fig.3a, and the program described in the 
Appendix, section A.5. 

2.6 Level-restricted peak-count method 

This method is a peak-counting type method which has the same type of 
threshold requirement as the previous level-crossing type method. As before 
only peaks which are preceded and followed by the required threshold are con- 

sidered, but now a count is made of each level from the datum up to the 
maximum level encountered by the peak. The method is illustrated in Fig.3b and 

the program is described in the Appendix, section A.6. 

2.7 Discussion of the methods 

Distinct relationships exist between the six methods described above. Let 

us define a general peak-counting type method in which only those peaks which 

are preceded and followed by rises of at least a certain magnitude Q or a 
fixed percentage R of the peak value, whichever is the greater, are counted 

(viz. section 2.3). Then: 

(a> the peak-count method has Q = 0 and R = 100% of the maximum 

peak value encountered between datum crossings, 

(b) the simple peak-count method has Q = R = 0, 



(4 the range-restricted peak-count method has Q = 0.05 g and 

R = 50% of the incremental peak value, 

Cd) the level-restricted peak-count method has Q defined in terms of 

number of levels between a primary and secondary counting level which 

depends on the value of the primary level; R = 0 . 

The remaining two methods, the simple level-crossing method and the 

variable re-set method, are level-crossing type methods. It can be seen from 

the descriptions that the simple level-crossing method has the same counting 

conditions as the simple peak-count method. They differ only in that the 

former counts levels crossed and the latter makes a cumulative count of peaks. 

The same analogy applies to the variable re-set method and the level-restricted 

peak-count method respectively. 

3 THE DATA 

Before the data could be used in a Fortran program it was necessary to 

tabulate them in strict format on punched cards. The Concorde data were 

recorded at the rate of 25 readings per second. The actual time scale is 

ignored and it is assumed that for fatigue evaluation the load-time histories 

are completely characterised by all peak values in their actual sequence no 

matter what time has elapsed between successive peaks. 

The term ‘zero mean’ is taken to refer to the 1 .Og reference datum 

corresponding to level unaccelerated flight and normal acceleration values are 

given in ‘g’ units from the zero mean. However, especially in the patch of 

turbulence encountered by Concorde 002, the acceleration readings are seen to 

have a definite bias, so the mean acceleration levels for each set of data are 

found and the counting analyses are performed both from the zero mean and from 

the actual mean level for the patch. The rms acceleration for each set of data 

is found and converted to a rms gust velocity by the Kaynes 9 spectral method 

for continuous turbulence. This method assumes that the atmospheric turbulence 

may be regarded as continuous and homogeneous in the horizontal plane. The 

energy of the vertical component is assumed to be distributed according to the 

Von Karman two-dimensional spectrum, and the scale length used is given by the 

inverse density ratio times 1000 ft. 

A synopsis of the conditions as far as they are known is given below, and 

the time-his tories are plotted in Figs. 4-7. 



Flight Duration of Height Mean level Eas in Rll-lS Rms gust 
No. turbulence in g acceleration velocity 

in seconds in ft units knots in g units in m/s 

10071 14.92 33000 -0.0224 400 0.1212 1.554 
10113 32.64 40000 -0.0154 432 0.0855 1.060 
10121 27.6 51200 0.0890 512 0.1534 1.394 
20047 70.6 26900 0.1653 380 0.0990 1.251 

L 

The plots were made using the program of Ref.10 and the order of the 
flights as given in the table is maintained throughout this Report. 

4 THE RESULTS 

4.1 The numerical details 

The following counts at each acceleration level are found for the datum of 
1.0 g. The table uses the following abbreviations:- 

PCM - peak-count method 

SPCM - simple peak-count method 

RRPCM - range-restricted peak-count method 

SLCM - simple level-crossing method 

VRSM - variable re-set method 

LRPCM - level-restricted peak-count method 







4.2 A comparative fatigue analysis 

As has been stated previously, the arithmetic means of the positive and 

negative distributions, obtained using the various means as datum, are used in 

the ensuing analysis. This involves the assumption that the loads measured 

are turbulence loads only and that there are no meanoeuvre loads present; if 

this were actually the case it would be expected that the positive and negative 

distributions would be approximately symmetric about the datum. This is not 

obtained in general, but the ratio of the number of times the counts at the 

negative levels are greater than those at the corresponding positive levels is 

63152. It is therefore felt that the assumption stated is sufficiently small 

to give reasonable comparative fatigue estimates derived from the distributions 

using the various counting techniques. The arithmetic mean distributions are 

superimposed on Figs.lO-33. 

The method of performing the damage calculations is that derived by 

Chilver", and the formula used is given as 

“In+1 

D= / &IF(dx, (1) 

where D is the total damage done 

Lxm+l - x1l is the interval of normal acceleration over which the total 
damage is to be calculated 

m is the number of levels at which counts are made 

N (xl is the S-N curve for the aircraft 

F (4 is the frequency distribution of cumulative cycles per hour. 

The method of fitting a curve F(x) to the arithmetic mean of the 
12 

distributions is that described by Kaynes , and is piecewise continuous; let the 

number of counts at a given load level x1 be Nl, x2 be N2, a.., x be N 
n n' 

Then exponential functions of the form An exp(a,x) are fitted between the consecu- 

tive points with coordinates (x n, N,> and (x~+~, Nn+l) . The interval between 

the last load level at which a positive count is made and the first one at which 

no count is made is fitted by a parabola with its vertex at the first load level 

at which no count is made. Therefore the total damage D is the sum of the 

damage done over the various intervals in the set 
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The piecewise continuous distribution of counts thus obtained is then 

converted to a frequency distribution per hour by multiplying by a constant 

particular to each flight. The method of calculating the damage assumes the 

distribution F to be cumulative. 

N(x) , the S-N curve for Concorde is given in Ref.13 as: 

N(y) = C'/(f (Y +$=%r , 

where C' - constant, having dimensions (stress)5 

N - number of cycles to failure 

m" - mean stress 

Y - alternating stress. 

(2) 

The curve is derived in terms of stress amplitudes. However, since the 

stress (y) is linearly related to acceleration (x) then N(y) is linearly 

related to N(x) viz.:- 

Let y = yx Y - unit of stress 

x - unit of acceleration 

Let m' = mean acceleration corresponding to ,I' , the mean stress, i.e. 

m" =ym' . 

Then 

i.e. 

N(Y) = 25C’ (y +pzq-’ 

= 25Y-5c’ b +pq-5 

N (Y> = Y-~N(x) . (3) 

As the particular value of y is unknown for these flights, we can only 

find the ratios of the damage assumed by the distribution of counts obtained 

from the various counting methods considered. 

In all of these damage calculations it is assumed that all excursions from 

the datum to any given positive maximum is matched by a similar negative excur- 

sion to the equivalent negative amplitude, i.e. the loads occur in complete 

cycles. Since the acceleration trace is typified in the damage calculations by 

the results of the counting techniques it is also assumed that the counting 

procedures are reasonably consistent with this assumption. 
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The integral given in equation (1) can easily be evaluated on the ICL 

1904A computer, and programming in Fortran enables us to use the standard 

subroutine called F4INTGSS. This subroutine uses Gauss's four-point and six- 

point integration formulae, varying the steplength until the two formulae give 

results which agree within a limit specified by the user. 

In each case, the mean m’ is taken as the true mean for the patch. x1 

is 0.05 g in each case, i.e. the minimum level considered and x m*l is the 
first level at which the arithmetic mean is zero, which may be different for 

different flights. 

The results of the damage calculations described above are shown in the 

table below. It must be remembered that we can only have a comparison between 
the various results for the different counting methods, since each number in the 

table must be multiplied by an unknown constant, which may vary from patch to 

patch, and also divided by C’ , the constant from the S-N curve equation used. 

The result of the integral (1) is in terms of the proportion of the life of the 
aircraft exhausted by the turbulence encounter, and for each flight these 

proportions have been normalised. 

The normalised proportions of the life of the aircraft 
exhausted by the turbulence encountered in each flight. 

Flight No. PCM SPCM RRPCM SLCM 1 VRSM LRPCM 

1007 1 0.636 1 0.758 0.692 
10113 0.734 1 0.866 0.849 
10121 0.377 1 0.451 0.451 
20047 0.500 1 0.643 0.610 

In each case it can be seen that the simple peak-count method results and 
the peak-count method results form the upper and lower bounds respectively for 

the results using the other methods. For these methods with threshold conditions 
it turns out that, with the restriction values stated in section 2 the range- 

restricted results are greater than the level-restricted peak-count method 
results, which are, in turn, greater than those given by the variable re-set 
method. The non-restrictive simple level-crossing method gives estimates which 

are less than those of the simple peak-count method but greater than the range- 
restricted peak-count method. 

For each flight the range-restricted peak-count method gives the result 
which is nearest the 'average' and an adaptation of it is, of course, one of 
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those widely used in VGH recording programs viz. section 2.3. If we now consider 

the results relative to this method we find that, on average:- 

SPCM over-estimates by 47% 

SLCM over-estimates by 22% 

LRPCM under-estimates by 4% 

VRSM under-estimates by 7% 

PCM under-estimates by 18% 

It can be seen that those methods which involve threshold conditions, 

whether they are of peak-counting or level-crossing type, give estimates of 

damage which are within 7%. As has already been noted, methods involving 

theshold conditions of this type have been incorporated for many years in VCH 

records, fatiguemeters etc. It is hoped that, by prudent choice of the 

threshold conditions, these methods, when applied to measurements such as 

wing root bending moment and strain values, will give equally close agreement in 

similar calculations. 

It must be borne in mind that the results given above are derived from only 

four small sets of data, the largest illustrating only 70 seconds of turbulence. 

Also errors are inherent in these calculations, e.g. 

(1) those perpetrated by forcing the non-cumulative methods into cumulative 

form, 

(2) those resulting from using the arithmetic mean of the positive and negative 

distributions in the damage calculations. 

Thus error in fatigue evaluation may be minimised by choosing a method 

which results in the same number of counts being made at corresponding positive 

and negative load levels and by dealing with cumulative counting techniques only. 

Another consideration in the search to find a counting method consistent 

with the 'cycles' assumption may be manoeuvre loading. Perhaps on certain sets 

of data the gusts superimposed on manoeuvre loads are cyclic, so that it would 

be helpful if some method of removing trends and using an adjusted mean could be 

found before the counting analysis is started. 

5 THE CORRELATIONS AND POWER SPECTRA 

Correlogram and power spectral analyses are performed on each flight and 

the resulting graphs are shown in Figs.34-41. The analyses are performed as 

stated previously using a program developed in the USA. Additional data 



15 

required are the calibration constant which is unity for these sets of data and 
the number of lags required, which is taken to be 50. Also the format, in 

which the data to be analysed is read in, is set as data. The number of readings 

and the time between successive readings are also given explicitly. 

It can be seen that the four correlograms and spectra obtained are remark- 

ably similar. The conditions of flight 10071 were, in addition to those given 

in section 3, M = 1.2 , the centre of gravity was 57%, tank 7 was full and 
tank 10 had 6000 kg. These conditions correspond to those of certain flight 

flutter tests performed on 001 and the most outstanding spectral densities 
found at frequencies of about 2.75 Hz and 6.5 Hz corresponded, within experimental 

error, to the second and sixth symmetric wing modes found in the flutter tests. 

The frequency of 11.5 Hz was also found in the tests, but all that can be said 

is that it lies between the sixth and ninth symmetric modes. 

The weight distribution of the fuel was unknown for the other three flights 
considered, and as different fuel distributions make a significant different to 
the frequencies of the wing modes no conclusions could be reached. However, as 

all the spectra are similar it may be inferred that the large peaks in the 
spectra for the remaining 3 flights also correspond to symmetric modes. 

6 CONCLUSIONS 

Most of the counting methods considered require threshold conditions which 
can be chosen by the individual in a way which he considers best suits the data 

being analysed. The choice may radically alter the counting results obtained. 

The methods which have threshold conditions, whether they be of the level- 

crossing or peak-counting type, tend to give the same number of counts at the 
higher amplitude load levels and the difference in the damage calculations 
resulting from use of the different methods will vary only within +3j%. 

The simple peak-count and simple level-crossing methods tend to give 
rather high counts especially at the lower levels, and this leads to the result- 
ing pessimistic life estimates obtained from them, and so for most useful 

analyses on load data these methods may be ignored. 

For estimating spectra for future aircraft designs or selecting loads for 
fatigue testing the peak-count method serves a useful purpose (Ref.2) but it 

tends to give optimistic fatigue estimates due to its exclusion of all but the 
maximum peak between zero-crossings. However the method is simple to use and 
the difference in the fatigue life estimates calculated using the distribution of 

counts obtained from it and from these methods with threshold conditions may be 
at most 18%. 
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However, for giving valid estimates of fatigue life, especially in 
comparative work where most of the errors inherent in the assumptions cancel 

out, these methods with threshold conditions may be used to best advantage as 

it may be possible to adapt them to describe the load distribution in a more 

'cyclic' way. Care must be taken if any attempt is made to find a true estimate 

of life, in finding theshold conditions which are meaningful for the load system 
being examined, however, and, for use in damage calculations, the method which 

results in the positive count distribution and negative count distribution being 

most alike should be chosen. 



A.1 Peak-count method 
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Appendix 

PROGRAMS FOR COUNTING METHODS 

This program is used to obtain the distributions of counts using the 
method described in section 2.1 on the sets of data being considered in this 

Report, and it forms the foundation for all five others which are described 
below. 

All the data, K in number,are read in as real numbers given to 4 decimal 

places and the maximum value, the minimum value and the mean are found. The data 

are scanned and if two or more successive readings are equal, all but one of the 
equal set are discarded, and the data are stored in a new five-figure integer 

array called C . It is found to be less troublesome if integer manipulations 

are adhered to throughout. The data are further manipulated by subtracting 

1.0000 from the original numbers (i.e. 10000 from each of the new integers - 

considering true normal accelerations) and the results put in C . The levels 
considered are now at '500' intervals (i.e. 0.05 g), level 1 is attributed to 

the minimum negative level encountered, and the number of the mean level (MB) 
is found from:- 

MB = (- M~,l~~I))l,OO + 1 , 

remembering that the result of integer division in Fortran is integer. 

The positions of the zero crossings in the new array, C ,are then found 
and noted. Successive sets of data lying between zero crossings are then 

examined. *If the numbers are positive, the maximum is found and converted to 
the number of the largest level crossed. 1 is then added to all levels from the 
datum up to this level. Similarly, if the numbers are negative, the minimum is 
found and converted to the number of the lowest level number crossed. I is 
added in this case to all levels from this one up to the datum.** The operation 
is complete when the last datum crossing is reached. The intervals before the 
first and after the last datum crossing are analysed as if there had been datum 

crossings before the first and after the last data points. 

The data are then converted to numbers relative to the true mean level for 
the flight and the whole operation is repeated using this new datum. All four 
flights are treated in this way and the resulting distributions for the mean as 
datum are shown in Figs.10, 16, 22 and 28, and the number of counts at each 
acceleration level are shown in section 4.1. 
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A.2 Simple peak-count method 

Appendix 

This program, which is used to obtain the distribution of counts using the 

method described in section 2.2, follows that for the peak-count method 

described above down to *. The information between * and ** should now be 

replaced by the following:- 

*Each peak value is found by scanning every three successive readings. If 

the absolute value of the second is greater than that of the first and third we 

have a peak and its value is noted. (Similarly, if the absolute value of the 

second is less than that of the first and third we have a trough.) Every peak 

value between successive datum crossings is noted and converted to the next 

lowest level number. A cumulative count of each level is then made for each 

peak.** 

The frequency distributions are displayed in Figs.11, 17, 23 and 29 for 

the results using the mean as datum. 

A.3 Range-restricted peak-count method 

This program which is used to obtain the distribution of counts using the 

method described in section 2.3 follows that for the peak-count method down to * 

in the description in section A.l. Then, as before, each peak and trough value 

between datum crossings is found and converted to the next lowest and next 

highest level numbers respectively and these values stored in two separate 

arrays for peaks and troughs. In this program, however, the actual peak and 

trough values are also stored in two separate arrays. 

The method is described for positive excursions from the datum only. For 

the negative case, the usual substitution of minimum for maximum and maximum 

for minimum is all that is necessary. 

The first peak value is found and the second trough value is subtracted 

from it. (The datum crossing is regarded as being the first trough value.) If 

this absolute value is greater than or equal to 0.05 g or half the absolute 

value of the maximum whichever is the greater the maximum is noted. If this 

condition is not satisfied then the next minimum less than the one considered is 

subtracted from the greatest maximum preceding it. In the event of the absolute 

difference of the peak and trough values fulfilling the criterion a cumulative 

count is made of the maximum level, and the whole operation is started again 

with the next minimum after the maximum in question, in order to find a trough, 

preceding a peak,which also satisfies the condition. 
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A.4 Simple level-crossing method 

This program is used to obtain the distributions of counts using the method 

described in section 2.4 and is exactly analogous to the description given in 

section A.1 except for the information between * and **. This should be 

substituted by the following:- 

*Each peak and trough value is found and converted to the next lowest and 
next highest level numbers respectively and these numbers are stored in two 
separate arrays for peaks and troughs. A count is then made of each positive 

slope crossing of the separate levels between successive minima and maxima.** 

The results for data relative to the mean are shown in Figs.13, 19, 25 

and 31. 

A.5 Variable re-set method 

This program is used to obtain the distributions of counts using the method 
described in section 2.5. As in the previous program every peak and trough 
between successive datum crossings is found and converted to the next lowest and 

next highest level numbers respectively. The first peak level value (i.e. the 

value of the first peak in terms of the maximum level crossed by it) is then 
considered and a record is made of all the levels crossed up to the peak, i.e. 

the appropriate elements of an array 'RP' are set to 1.0. The second trough 
level value is now considered and a count is made of all levels of positive slope 
which have been recorded for which this trough satisfies the threshold condition. 

The recording array elements for which a count has been made are now reset to 
0.0. The whole operation is restarted with the next peak after the trough in 

question, a record being made of all levels of positive slope between the trough 
and peak considered. The resulting distributions for the mean as datum are 
shown in Figs.14, 20, 26 and 32. 

A.6 Level-restricted peak-count method 

This program, used to obtain the distribution of counts using the method 
described in section 2.6 is a combination of the counting criterion used in the 

range-restricted peak-count method program with the threshold condition of the 

variable re-set method program. 

The first peak level value is found and the second trough level value 
examined. If the threshold condition of the peak is not satisfied by this trough 
then the first succeeding trough level value less than the one considered is 
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examined with respect to the greatest peak level value preceding it. If the 

trough satisfies the threshold condition for the peak then a cumulative count is 

made of all levels up to the peak level value. 

The results for the mean as datum are illustrated in Figs.15, 21, 27 and 
33. 
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SYMBOLS 

units of normal acceleration = 9.81 m/s2 g 

X n 

Nn 
F(x) 

m 

An 
a n 1 
m' 

Y 
m" 

Y 
C' 

D 

N(Y) 

Q 
R 

MB 
C 
K 

I 
RP 

acceleration levels in g relative to the datum 

number of counts made at level xn 

piecewise continuous fit for the arithmetic mean of the cumulative 
frequency distributions of counts 

number of levels at which the arithmetic mean of the distributions of 
counts is non-zero 

parameters fortheexponential fit between the points at xn and xn+l 
(n < m> 
mean acceleration in true g units 
stress level 

mean stress corresponding to m' 
ratio of stress/acceleration 

constant stress in S-N curve equation 
damage integral value 

number of cycles to failure in terms of stress 
value of the constant threshold required in the counting methods 
value of the percentage threshold required in the counting methods 

number of the mean level in the counting methods programs 
integer array of normal acceleration data points 
number of data points per flight 

element number in the array C 
'noting' array used in variable re-set method program 
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Fig.9 Variable re-set method 
Data from flight 20047 relative to I.09 
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Fig.12 Range-restricted peak-count method 
Data from flight 10071 relative to mean 
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Fig. 13 Simple level-crossing method 
Data from flight 10071 relative to mean 
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Data from flight 10113 relative to mean 
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Data from flight 101 I3 relative to mean 
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Fig.18 Range-restricted peak-count method 
Data from flight 10113 relative to mean 
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Fig. 20 Variable re-set method 
Data from flight 10113 relative to mean 
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Fig.21 Level-restricted peak-count method 
Data from flight 10113 relative to mean 
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Fig. 23 Simple peak-count method 
Data from flight 10121 relative to mean 
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Fig.25 Simple level-crossing method 
Data from flight 10121 relative to mean 
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Fig.26 Variable re-set method 
Data from flight 10121 relative to mean 
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Fig.29 Simple peak-count method 
Data from flight 20047 relative to mean 
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Data from flight 20047 relative to mean 
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Data from flight 20047 relative to mean 
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Data from flight 20047 relative to mean 
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