n LZl6s dL AN

NATIONAAL LUCHT- EN RUIMTEVAARTLABORATORIUM

NATIONAL AEROSPACE LABORATORY NLR
THE NETHERLANDS

NLR TR 79121 U

NLR TEST RESULTS AS A DATABASE TO BE USED IN A CHECK OF
CRACK PROPAGATION PREDICTION MODELS

A GARTEUR ACTIVITY

BY

H.H. VAN DER LINDEN




Reprints “from this publication may be made on

condition that full credit be given to the Nationaal

Lucht — en Ruimtevaartlaboratorium (National
Aerospace Laboratory NLR) and the Author(s)




DOCUMENT CONTROL SHEET

ORIGINATOR’'S REF.

NLR TR 79121 U

SECURITY CLASS.

Unclassified

ORIGINATOR

National Aerospace Laboratory NLR
Amsterdam, The Netherlands

TITLE

NLR test results as a database to be used in a check of crack
propagation prediction models
A Garteur activity

PRESENTED AT

AUTHORS

H.H. van der Linden

Nov.

DATE
1979 12 >

PP ref

DESCRIPTORS
Crack propagation
Aluminium alloys
Flight simulation
F-27 aircraft
Metal sheets
Power spectra

Data bases

Gust loads

Gust loads

Cyclic loads

Stress intensity factors
Computer programs

Stress ratio

Load tests Data base
Amplitudes Pseudo random sequences
ABSTRACT

The report describes a joint Garteur activity in the field of the
prediction of crack propagation under variable amplitude loading.

|Existing crack propagation models or models under development will be
checked with NLR crack propagation data of 2024-T3 Alclad 2 mm sheet
material under F-27 Spectrum flight simulation loading.

After completion of model checking follow-on activities will be defined.
The report includes also the NLR database, consisting of constant amplitude
data, F-U spectrum data and F-27 spectrum test results. Also given is the

F-27 Spectrum load generation program.
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NLR TEST RESULTS AS A DATABASE TO BE USED IN A
CHECK OF CRACK PROPAGATION PREDICTION MODELS.
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by
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SUMMARY

At the GARTEUR meeting of the Group of Responsables for Structures
and Materials at ONERA a joint GARTEUR activity has been proposed in the
field of the prediction of crack propagation under variable amplitude
loading.

It is intended to check existing crack propagation models with
NLR crack propagation data of 2024-T3 alclad sheet material under F-27
Spectrum flight simulation loading. After completion of model checking a
possible follow-on activity could be discussed.

In this report the cooperative activity is described followed

by the NLR data base.
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INTRODUCTION

At the GARTEUR meeting of the Group of Responsables for Structures
and Materials (ONERA, 13 and 14 September 1979) a joint GARTEUR activity
has been proposed in the field of the prediction of crack propagation
under variable amplitude loading. It was intended to check existing crack
propagation models with a well-defined set of test data. NLR could provide
such crack propagation data of light alloy specimens under flight simulat-
ion loading. After completion of model checking a possible follow-on
activity could be discussed as a suitable topic for a new GARTEUR action
group.

It was agreed upon to use the socalled F-27 Spectrum flight simulat-
ion test results on 202L4L-T3 Alclad 2 mm sheet material as reference; the
material selection depended on the availability of sufficient 2024-T3
Alclad material of the same batch as used in flight simulation testing.

The crack propagation calculations will be performed and the results

will be checked and compared to the database before summer 1980 in order

to present the results and a possible follow-on activity to the fall 1980
meeting of the Group of Responsables of Structures and Materials. In this
report the F-27 Spectrum and the test data package will be presented.
Also given are Constant Amplitude test results and so-called F-L4 Spectrum
test results.

The crack propagation tests have been performed under contract for

the Netherlands Agency for Aerospace Programmes.

FRAMEWORK OF THE ACTIVITIES

During 1979 a number of flight simulation fatigue tests have been
carried out at the NLR. The effect of variation in the gust load severity
and Ground-Air-Ground cycle on crack propagation behaviour was studied by
means of crack growth tests on 2 mm sheet specimens of 2024-T3 Alclad
material provided with a central saw cut. The basic spectrum is based on
a calculated load spectrum which corresponds with the severest usage
experienced so far by actual F-27 operators and is therefore denoted as

F-2T7 Spectrum.




It was agreed upon to adjust the "participating" propagation models
using constant amplitude data, also provided to some extent by the NIR,

and the F-27 Spectrum normal gust/normal GAG test results. Material is

available to the participants to run additional tests, i.e. constant
amplitude tests or simple overload tests. The adjusted model will then
be used to predict crack propagation and crack propagation life for
four gust/GAG-cycle variations.

The predictions can be checked to the test results.

The results of the comparison will be discussed by the participants
before summer 1980. Possible modifications can be proposed and checked
for. It also will be decided whether or not to have a follow-on program,
which had to be proposed in the fall 1980 meeting of the GARTEUR Group

of Responsables of Structures and Materials.

DESCRIPTION OF THE LOAD SPECTRA

NLR carried out an extensive test series on sheet material under
F-27 Spectrum loading. Gust severity and GAG-cycle were systematically
varieed. Also tests were carried out under different mean flight stress
levels. A number of tests were performed under the F-4 loading: this
loading consists of one flight type, build up from 10.5 constant
amplitude gust cycles followed by a GAG-cycle; this flight is repeated
continually. Constant amplitude data are available from the same
material batch as the F-27 and F-L Spectrum tests.

In the following the F-27 load spectrum, the load generation and
checks of the load sequence will be given. Also the F-U loading will be

described.

Description of F-2T Spectrum
The derivation of the test load programme is fully described in
reference 1.

The main features of the test programme may be summarized as follows:

a) One test load programme consists of a "block" of 2500 flights.
b) Nine different "flight types" are distinguished ranging from "very

severe” to "nice weather'-flights.
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c) The test load spectra pertaining to each flight type and the
frequency of occurrence of each flight type in a block of 2500
flights are presented in table 1.

d) The "ground load level" is equal to BEeR 0.234
m flight

e) Figure 1 gives the stepped load spectrum pertaining to one block of
2500 flights. It may be noted that the average number of test load
cycles per flight is approximately equal to 11.

The sequence of flights within one block of 2500 flights and the
sequence of loads have been randomly selected for once and for all;
after a flight block of 2500 flights, exactly the same load sequence
is applied again in the next block, and so on.

Figure 2 and table 2 indicate the position of the relatively severe

flights within the block of 2500 flights.

With regard to the sequence of loads within each flight, which is

randomly chosen as said, the following may be noted:

a) Each flight phase starts with an upward gust load.
b) An upward gust load is immediately followed by a downward gust load.

Generation of load sequence - F-2T7 Spectrum

The F-2T7 Spectrum is generated by the same algoritm as the TWIST
standard load sequence, which is described in reference 2.
Both load sequences are based on the TWISTBASE-program which utilizes

the following procedure:

i Generation of a "block" of N flights, consisting of n "weather-types".
Each weather type i appears in F(i) flights, therefore

n

z F(i) = N

1=1
ii Within each flight the gustloads are generated with the following

limitations

i each flight phase starts with an upward gust load.
ii an upward gust load is immediately followed by a downward gust
load.

A total m "gust load-severities" J are distinguished. In flight type

j a total number of R(ij) upward and R(ij) downward gust loads of
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severity J are present.

Both flight sequence as gust load sequence are selected "at random"

by independent random generators.

The following inputdata are required:

i N
i F(i) (i=1,.....n)
iii R(ij) (i=i,0000.n, §=1,0000..m)

1V Random generator start numbers r and r,

The codes as used in the Algol and Fortran programs, as described in

reference 2, are given in table 3.

Utilizing the TWISTBASE program for the generation of the F-27
load sequence the inputdata as given in table 4 and 5 must be used.
In appendix A the Algol and Fortran programs, not including the F-2T7
Spectrum inputdata of table 4 and table 5, are given.

In appendix B the NLR developed modified version of the F-2T7 Spectrum
Fortran program is given: this generation procedure is about 40 times

as fast as the original TWISTBASE program.

Checks of F-2T7 Spectrum load sequence
It is recommended to check the F-27 Spectrum load sequence using

the following procedure:

i check sequence of load cycles in flightnumber 1 through flight-
number 6, as given in table 6.

ii check sequence of flight types and associated random numbers for
flight T through 50, as given in table T.

iii using examples of some flights:
- flightnumber 1 through 12
- flightnumber 85 through 95
- flightnumber 106 through 114, see figure 3.

iv check position of severe flights; given in table 2 and figure 2.

F-27 Spectrum variations
The basic F-2T7 load Spectrum refers to a specific aircraft usage
and a specific F-2T7 wing station. A different usage may result in a

different gust load experience; the severity of the GAG-cycle depends
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on the wing location and mass distribution on the wing.

For the load programme, the following variations of the basic

spectrum were applied in the database test series (Ref. k4)

a)

Variation of the gust load spectrum

A light gust spectrum being three times as light as the basis
spectrum and a severe gust spectrum which is three times as heavy
as the standard spectrum are considered.

These factors of three imply that in a semi-logaritmic spectrum
plot the "light" spectrum is shifted a constant factor 3 to the left,
the heavy spectrum the same amount to the right with respect to the

normal spectrum.

The associated stepped test spectra were obtained in the way
indicated in figure k4.

The frequency of occurence of the various gust amplitudes is
left unchanged, but the size of the amplitude level is adapted to
obtain the right stepped approximation of the light spectrum and the

severe spectrum respectively. The resulting amplitude levels are

presented in table 8.

The size of the amplitude levels is the only thing that is
varied: the sequence of flights within a block and the sequence of

loads within a flight is unchanged.

Variation of Ground Load Level

The Ground Load Level Sground = - 0.23k Sm F1ight of the basic

programme refers to a particular wing station.

To account for different wing stations and mass distributions and
to allow a comparison with the TWIST Standard spectrum (Ref. 2) a
lowest ground load level was chosen as Sground = -0.5 Sm £1ight”
Also a high ground stress level, resulting in a light GAG-cycle

was chosen: S =+ 0,125 8

ground m flight

F-4 load programme

A prototype of the F-2T7 has been subjected to a full-scale fatique

test, known by insiders as the F-L test.
This test, carried out in 1957-1958, was a flight simulation test in

which a GAG-cycle was followed by 10.5 gust cycles of equal magnitude.
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Thus all "flights" simulated were equal.

The F-4 load sequence is depicted in figure 5.

Referring to table 1, it may be noted that the F-4 flight contains half
a gust cycle more than the lightest flight in the basic load programme
(Flight code 2), but that otherwise the F-4 flight seems to be less
severe in all respects: the Sm level is lower, the gust amplitude is

smaller and the Ground stress level is higher.

TEST METHODOLOGY

All test have been carried out on an MTS electro-hydraulic fatigue
testing machine with a capacity of 250 kN equiped with the NLR built
control unit PAGE jr. This unit included a tape recorder with data
storage capacity of ten thousand flights which made it possible to
perform tests at night and during the weekends.

The constant amplitude tests were carried out usinga signal generator
instead of PAGE jr. Test frequency was primarily T cycles per second.
However, test frequency was reduced when visual crack propagation
became hard to perform accurately due to fast crack growth. The main
test frequency per specimen is given in table 9. The test frequency for
all flight simulation test was 15 Hz for small amplitudes. In view of
the pumping capacity the larger amplitudes and ground-air-ground cycle
had to be reduced in frequency.

The load accuracy obtained in all tests is within one percent of
the total load range. The test temperature was ambient (295 K) and the
environment was normal air (40 - 60 % relative humidity). All tests
have been performed using anti-buckling guides.

Two specimens in series were tested and both crack length histories
were recorded simultaneously.

After final failure of one of the specimens testing of the second
specimen was continued unless the crack length was more than 7O mm.
Besides visual observations an electrical potential method was used in
flight simulation tests to monitor crack growth.

The material used was 2 mm 2024-T3 Alclad sheet.

All specimens were cut from 2 sheets; rolling direction was parallel to

the loading direction.
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The width of the specimens was 160 mm. The specimens were provided with
a central notch consisting of a saw cut with a total length of 7 mm
(see Fig. 6).

More detailed information of the flight simulation tests is given in

reference Uk,

NLR TEST RESULTS

The NLR test results of the constant amplitude tests and flight
simulation tests are presented.
These test results will act as database for the GARTEUR programme in

which different crack propagation models will be checked.

Constant amplitude test results

A number of constant amplitude tests have been carried out under
a range of stress ratios; an overview is given in table 9. Per test two
specimens were tested in series.
The test frequency depended on the crack propagation, i.e. in order to
monitor the crack propagation with sufficient accuracy it sometimes was
necessary to reduce the test frequency.

The total life test results are given in table 10, except for some
specimens which were not tested to failure.
The crack propagation data, i.e. total crack length versus number of
cycles and the average crack propagation curve per test, are given in
figures T through 12; no crack propagation data are available for test
number 2. In figure 13 through 18 the crack propagation rates are given
as function of AK.

The stress intensity range AK is defined as followes:

AK = (smax - smin) \/w a B

where S
max

S

maximum stress of a cycle

1}

. minimum stress of a cycle
min
a

semi-crack length

finite width correction:

B = —=————== , b = half of specimen width.
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In figure 19 all crack propagation rates, as function of the stress
intensity range, are given, showing that AK as such is incapable in
correlating the crack propagation rates pertaining to tests under a

range of stress ratios.

F-27 and F-L4 Spectrum test results

First, the influence of stress level on crack propagation has been
investigated. The specimens were tested under the basic F-27 programme
using four different mean flight levels.
One of these mean stress levels was selected as standard for the sub-
sequent tests with variation of the F-27 spectrum and the F-4 programme.
The results of the tests using different stress levels Smf are shown in
table 11 and figure 20.
On the basis of these results, a stress of Smf = 100 MPa was selected
for all further tests.
The associated test loads were calculated based on the average measured
cross-sectional area of two specimens tested in series.

Table 12 gives an overview of the tests done and crack propagation
lives obtained under variations of the basic F-27 spectrum.

The average crack propagation curves are presented in figure 20

(variation of S, ), figures 21 up to 23 (variation F-27 Spectrum) and

s
figure 24 (F-4 test programme).

These mean curves were obtained as follows:

i The individual potential method recorder traces were read out.
In the case of a tensile overload extensions, a data point was
obtained prior to the overload and some distance behind the overload
extension.

ii The data of the corresponding specimens were plotted in one figure

and a mean curve drawn through the data points.

The mean crack propagation curves were read out and crack propagation
rates were calculated.

The results have been tabulated in table 11.

These data have been plotted in the figures 25 up to 29 both versus

half crack length a and versus a mean stress intensity factor AKrms

defined as: e
AK =S J/ ma \/ sec =
rms a rms 2b

The rms gust amplitude S, rms has been defined in table 8.




The term ,/sec %% is the finite width correction; this factor is

different from that as used with the constant amplitude data. In reference

5 both correction factors have been compared resulting in small
differences in the results.

In the case of the F-U4 test programme Sa is equal to 0.29 Smf (see

rms
figure 5).

Test results on 2024-T3 clad material are reported and discussed
upon in reference L.
In reference 3 the test results of a previously carried out similar

investigation on TOT5-T6 clad material have been reported.

CONCLUDING REMARKS

In chapter 5 the NLR test results are presented, i.e. constant
amplitude test results, F-27 Spectrum test results and F-4 load
programme test results.

It is intended to check existing crack propagation models using
these test results.

The model under consideration should be adjusted, if necessary, using

the .constant amplitude data and the NN loading case of F-27 Spectrum

tests; the F-4 load programme test results also may be used. Each
participant can perform additional testing.

It was agreed upon to predict the following F-27 Spectrum variation test
results: NL, NS, LN and SN loading case.

Detailed information about the NN loading case test results and its
variations are given in table 12 and figures 30 through 34; in these
figures all test data points and the average crack propagation curves

are given.

The results of the predictions will be discussed before summer of

1980.
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TABLE 1

Distribution of load cycles per block of 2500 flights over

the different flight types - F-2T7 Spectrum

: _
Flight| Number of Gust amplitude S /S S Cycles
type flights in S W Al per
Code | one block | 1.25| 1.15| 1.05] 0.95( 0.85{ 0.75| 0.65| 0.55 |0.L2s5 0.30 flight
10 1 1% 0o ol1 1]0 o{2 2{0 o|3 3|5 5|7 7|28 28 b7
9 1 1 110 o|l1 10 0o|l2 2|2 2|4 4|7 7127 27 Ll
8 2 1" 210 o|l1 2|1 2]l2 4|3 6|7 14|25 50 Lo
T N 1 4lo o]1 4l2 8]l2 8|6 24|24 926 36
6 11 111110 0|3 33|4 Lhk|23 253 32
5 27 127112712 sk|k 108| 20 540 28
I 70 17011 702 140 18 1260 22
3 184 1184 |1 184 14 2576 16
2 2200 1 2200 9 19800 10

= 2500 1 1 3 5 15 L6 | 114 364 2728 24630 average:
Cumulative| 1 2 5 10 25 71 | 185 549 3277 27907 11.16

first number is number of cycles per flight, second number is number

of cycles within one block of 2500 flights
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TABLE 2
Position of heavy flights in the block
of 2500 flights (F-27 Spectrum)

Flight .
type position number(s)

10 1635 (1)

9 106 (1)

8 684, 2229 (2)

T 168, 1099, 2458, 2493 (L)

6 239, 965, 1071, 1121, 1211, 1378, 1465, 1851, 2324
2365, 243k (11)

5 112, 249, 412, 426, 463, 501, 737, 831, 1243, 1260
1271, 1382, 1481, 1633, 1656, 1665, 1719, 2105,
2107, 2181, 2211, 2221, 2273, 2288, 2323, 2391,
2397 (27)

L | 6,13, 46, 69, 85, 95, 145, 202, 365, k2T, 481, 51k
576, 604, T13, T42, 879, 897, 90k, 921, 948, 986,
1007, 1008, 1031, 1034, 1129, 1170, 1184, 1185, 1197,
1225, 1278, 1281, 1286, 1316, 1374, 1377, 1384, 1461,
1490, 1498, 1579, 1581, 1593, 1606, 1681, 1751, 1820,
1908, 1931, 1955, 1967, 2073, 2092, 2097, 2147, 2165,
2196, 2262, 2277, 2290, 2306, 2317, 2334, 2339, 2377,
2415, 2437, 2496 (70)
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TABLE 3
Codes as used in the Algol and
Fortran TWISTBASE program

Algol Fortran
N SUMFLIGHT SUMFL
F(i) FREQ (/ /) FLFREQ ((/ /))
R(ij) LOAD (/ , /) TABL 3 ((/ , /))
r IA (1), IB (1) IA (1), IB (1)
T, IA (2), IB (2) IA (2), IB (2)
f: R(1ij) - suMLD (J)
j=
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TABLE L4
Inputdata TWISTBASE for F-27 Spectrum

N 2500

n 9

IA (1) = TIA (2) = 1993k

IB (1) = IB (2) = L7251
A=1L FLFREQ (A) = 1
B=>5 FLFREQ (B) = 1
D=3 FLFREQ (C) = 2
D=2 FLFREQ (D) = L
E =1 FLFREQ (E) = 11
F=6 FLFREQ (F) = 27
G=1T FLFREQ (G) = T0
H=28 FLFREQ (H) = 184
I=9 FLFREQ (I) = 2200

continue table 5
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TABLE 5
Inputdata TWISTBASE for F-2T7 Spectrum

continue
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TABLE 6
Sequence of load cycles (without GAG-cycle) in flight number 1 through 6

FLIGHTNUMBER 1 TYPE 1 RANDGM(AsB) = 1C682 41519
16 =10 10 =10 9 -9 10 =10 10 =10 10 ~-1¢ 10 -10 10 -10 1¢ -10 10 -10
FLIGHTNUKMBER 2 TYPE 1 RANDCM(AsR) = 59022 €030
¢ =1 16 =10 1¢ -10 10 -10 10 =10 10 -10 10 -10 10 -1¢ 1. -9 10 -10
FLIGHTNUMRER 3 TYPE 1 RANDOM(A»B) = 24092 54024
16 -1¢ 9 =10 1t -10 1¢ =10 10 =10 160 -10 10 -10 10 -10 ic -9 10 =10
FLIGHTNUNBER 4 TYPE ] RANDOM(A,B) = 21001 60766
16 -1iC 10 -9 ¢ =10 16 =10 16 =10 10 -1¢ 10 =10 1C -1c 10 -10 19 -10
FLIGHTNUMBER £ TYPE I RANDCM(A,B) = 51227 22¢99
10 -9 ¢ =10 ¢ -10 10 =10 16 =10 10 =10 10 -10 9 =-1C 10 -10 10 =10
FLIGHTNUMBER € TYPE € RANDGM(A,B) = 2563 45309
10 =10 10 -10 10 -7 10 -10 16 -10 10 -9 10 -1C 10 -1¢ 10 -9 10 =10
8 ~-1C 16 -10 ¢ -10 9 -1¢ 10 =10 10 =10 10 -& 9 ~-1C 7 -10 10 =10

10 =10 10 =10




TABLE 7

Flight types and associated random numbers for
flight 7 through 50

FLIGRTNUMEER
FLICHTNUMAE X
FLIGATNUMRER
FLIGHTNUNMBER
FLIGHTNUMEER
FLIGHTNUMRER
FLIGHTNLFMRLR
FLIGHTNUMPE®
FLIGHETNUMREF
FLICHTNUMRER
FLIGRTNUMRLE
FLIGHTNUMRER
FLIGHTNUMREK
FLICHTNUMELT
FLIGHTNUMBEF
FLIGHTNMUMBER
FLIGHTNUMEER
FLIGHTNUNMALR
FLICHTNMUMRFF
FLICHTNUNMBE ¥
FLIChHTNUMBER
FLICHTNUMRL K
FLICHTNUMEER
FLICHTNUMRER
FLIGHTNUNMRER
FLIGHRTNUMBER
FLIGHTNUMRE®R
FLIGHTNUMEER
FLIGHTNMNUMRER
FLIGCHTNUMBER
FLIGHTNUNMR P
FLIGHTNUMRER
FLICHTNUMRER
FLIGHTNUMBER
FLYGHTNUMREW
FLIGHTNUNMBER
FLIiGHTNUNMBLF
FLIGHTNUME W
FLIGHTNUMRER
FLIGKTNUN PR
FLIGHTNUMRBRER
FLICHTNUNMBY K
FLIGHTNUMBEK
FLIGHTNUNMRBRER
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Xy

TYFPE
TYPe
TYPt
TYFF
TYFE
TYPE
TYrt
TYPE
TrEe
TYPE
TYFr
TYFE
TYPE
TYFE
TYFL
TYPE
TYFt
TYPE
TY¥e
TYFHT
TYHE
TY¥Fe
TYFF
TYPL
TYFE
TYFt
TYFE
TYPt
TYPE
TYFE
TYPE
TYrt
TYet
TYFL
TYPE
TYPE
TYCE
TYPE
TYPE
Trey
TYPE
TYPE
TYFE
TYPE
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PANLDILN(ApU)
FANDOM(AyR)
RENDOMA,P)
RaAahNDOM({asF)
RANLOM( A R)
FAN[OMASR)
CANDOM (AP R)
KANDOM(2pR)
KENCOM(LSR)
ReNDLM(A,R)
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TABLE 8

The gust amplitude levels for the basic programme

and the derived severe gust and light

gust versions - F-27 Spectrum

gust amplitude Sa/sm

f
Basic- Light
Code Severe gust
programme gust
10 1.25 1.39 1.11
9 1.15 1.28 1.02
8 1.05 1.18 0.92
T 0.95 1.08 0.82
6 0.85 0.97 0.73
5 0.75 0.87 0.63
L4 0.65 0.76 0.5k
3 Q.55 0.65 0.45
2 0.425 0.515 0.335
1 0.30 0.39 0.21
L
& S’f"m =X 0.3232 0.4126 0.234k
mf
10 5
E: oy [ Sa.]
1 1
S =
a r.m.s. 10
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TABLE 9
Constant Amplitude Tests

test R — Smin Sm frequency
no. (MPa.) (MPa) | (MPa) (Hz)
1 .54 130 70 100 10
2 .5k 91 L9 T0 15
3 .10 130 12.5 71.25 7
N -1 225 - 25 100 1
5 -.18 130 - 23.5 53+25 1
6 -.38 130 - 50 Lo T
T -1 130 -130 0 1
TABLE 10
Constant Amplitude Lives
test - upper specimen| lower specimen| mean life
no. (cycles) (cycles) (cycles)
1 .54 116401 118657 117529
2 .5k 362517 393LL2 377980
3 .10 21069 - 21069
L -11 1157 - 1157
5 -.18 1L2s57 15303 14780
6 -.38 14190 10501 12346
T -1 - - -




TABLE 11
Average crack propagation rates

Crack propagation rates da per 1000 flights
ax!) dn
(n:n) Acfj basic program with Smf = variations on basic program with Smf = 100 F—iitESt
(m®) | 70 90 | 100 | 110 IL | LN LS NL | NS SL SN ss | Sme = 100
3.751 0.1887{0.10| 0.33| o.41| 0.72{0.11| 0.28| 0.41{0.20| 0.83| 0.33| 0.71| 1.2 0.39
4.5 1 0.1191|0.10{0.33| 0.50| 0.83|0.12| 0.33| 0.45]0.22| 1.0 0.bO0 | 0.77| 1.66 1.19
5.5 {0.1318| 0.11|0.32| 0.53| 0.91{0.15| 0.33| 0.5 {(0.22]| 1.0 0.bo| 0.91| 1.83 1.55
6.5 | 0.1435(0.13] 0.38| 0.62| 0.95|0.17| 0.38| 0.59{0.25| 1.0 0.50 | 0.95| 2.0 1.70
7.5 | 0.1544 | 0.15{0.36| 0.62| 1.00{0.17| 0.k2| 0.63(0.26| 1.0 0.50 | 1.0 2.2 2.8
8.5 | 0.1646 | 0.17|0.41| 0.67| 1.05|0.20| 0.45| o0.71]0.27| 1.33| 0.55| 0.95| 2.5 3. T4
9.5 | 0.1743] 0.16{0.41 | O0.77T| 1.11]0.22| 0o.45| 0.83{0.35( 1.43| 0.67{ 1.43]| 2.5 3.0
11 0.18811 0.16 | 0.46 | 1.0 1.5410.27| 0.59| 0.95|0.45{ 2.2 0.83| 1.54 | 3.1 4.3
13 0.2055{ 0.16{0.55| 1.43| 2.36(0.31| 0.65| 1.33]|0.52| 2.3 1.0 - L.y i
15 0.2219{ 0.18| 0.67| 1.6T| 4.5 |0.37| 0.87| 1.53]|0.6T| 2.9 1.25| 2.9 5.0 Tl
17 0.2377| 0.22 0.96 | 2.5 5.8 {0.45] 1.18| 2.0 [0.7T4| L.0 1.67| 3.6 8 8.8
19 0.2532{ 0.23| 1.25 | 2.9 6.T |0.57T] 1.43] 2.5 | 1.0 5.0 2.0 5.0 |10 10.7
22.5 | 0.2796 | 0.26| 1,92 L4.5 (11.1 |0.90| 2.3 4.2 | 2.0 9.1 3.6 7.2 |20 16
27.5 | 0.31T4|{ 0.7 3.8 | 11.1 | 20 1.43] 6.2 |12.5 [5.0 |25 8.3 | 14.3 |50 28
32.5 | 0.3565| 0.83|8.3 |[16.7 |50 5.0 | 16.7 |25 8.3 | 50 33 50 L7

XK _ / / con &
1) AD Ta sec b
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TABLE 12
Crack propagation lives (in flights) under variations of

the F-27 Spectrum (S = 100 MPa in all tests)

m flight
Ground Gust load Spectrum
Load
Level Light Normal Severe
Code LL Code NL Code SL
Lights 76662 49153 23970
73605 52234 2L Tk
5 74159 42613 22955
E?J% = +0.125 83101 41321 24829
S mean: 76792 mean: 46111 mean: 24112
Code LN Code NN Code SN
33655 18978 11122
34013 18429 11582
Normal: 29154 21470 11996
32610 19699 12953
S mean: 32299 20552 mean: 11894
'5-5 = -0.234 17462
nf
mean: 19386
Code LS Code NS Code SS
Severe: 19348 10969 L6k
17711 9121 6248
_EB 203k42 10832 5370
S e 21657 11124 5977
mean: 19711 mean: 10478 mean: 5616
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Sm flight

S —-0.234 S, flight

ground ~

Fig. 1 Basic test load spectrum for 2500 flights - F-27 Spectrum

Sm flight
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Fig. 2 Position of severe flights in a block - F-27 Spectrum
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Fig. 3 Examples of different flight types of the F-27 spectrum
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Fig. 4 Derivation of gust amplitude levels for severe and light

gust spectra - F-27 Spectrum

_La_




28~

10.5 GUST CYCLES

*_ *
$4=0.325)

3 _ *
Sground = ~0:052 S,

Sms Sa AND S¥_ 4 EXPRESSED IN S PERTAINING TO THE BASIC SPECTRUM :

*
Sm=0.915,

*
$4=0.29 5
*

(1)

Sqround = ~0-047 S

(1) RELATION BASED ON :

My 1 AT WS 5075 IN F—4 TEST : 15400 kgf.m

ns

IN “NEW SPECTRUM" : 16931 kgf.m

Fig. 5 The F-4 test load sequence
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CURRENT INPUT @

MATERIAL:
2024 T3 ALCLAD, MEASURING POINTS

THICKNESS 2 mm -
CRACK Yo

~— SAWCUT

7 mm

?@@@@@@

7 HOLES WITH DIAMETER OF 8 mm
FOR CLAMPING STRAPS FOR TESTING
OF TWO SPECIMENS IN SERIES

Fig. 6 Crack propagation specimen
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Fig. 8 Constant amplitude crack propagation data




TOTAL CRACK LENGTH 2a (mm)

50

40

30

20

10

Fig. 9 Constant amplitude crack propagation data

| I I T I 1 T | T T T I
F 0| —
L |
i O
i R =-0.11 S, ax = 225 MPa ,l |

Sm'n =—25 MPa
B TEST No. 4 l _ﬁ}- .
P sl -
. I
~ D” -
- Dl .
- D I ac]
L lo _
/

- /& _
i O/O -
rF /b i
- afd 4
L B b
[ 8 i
i __o-—T .
— ——"O— —
Q——————"""" ]

| | 1 | | 1 | | 1 | | }

100 200 300 400 500 600 700 800 900 1000 1100 1200

CYCLES

_ag_.




TOTAL CRACK LENGTH 2a (mm)

80

~33<

70 —

60

50

40

30

20

i I R
o ,' o
i R =~0.18 Smax = 130 MPa [ 7
B Smin =—23.5 MPa o j
- TEST No. 5 I .
o o | !
b— I —
. 0, © i
" / o
- I & .
N al g
i y y
~ /o 1
- al 1
o/o ]
/0 i
- o/ —
" /70 -
N 0,7
//0 =
- 8/ _
: e y
B _o© i
. e i
— = —
——=—0—" .
1 | | | | | 1 Az 1 1 1 1 1 1 | |
2 4 6 8 10 12 14 16

%1000 CYCLES

Fig. 10 Constant amplitude crack propagation data
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Fig. 11 Constant amplitude crack propagation data




TOTAL CRACK LENGTH 2a (mm)

90

80

70

60

50

40

30

20

10

w TG

| l | %
N o | o]
i ] K
» " o
N i Smax = 130 MPa - | 7
N Smin =—130 MPa i
_ TEST No. 7 | .
— @) | O —
[ I 7
_ ’l i
= o o —
N / .
- I _
i / ]
- a) o -
_ [ i
[ / ]
L o /) © i
- o fo) _
L = // i
= )/ & 7
- Q / .
- D / O -
- o //o -
- 0% —
L %r’qs’ ﬂ
_ = ]
- 0 —0'9/6 ]
— _go— —
== -
C 1 1 l l I L | 1 L | L1 ]

1 2 3 4 5 6

Fig. 12 Constant amplitude crack

* 1000 CYCLES

propagation data




104

da

dn

[MACTCLE )

1072

10-6

i gl

10—8

-36-

- [ T T 1 RS S RN
i R = 0.54 Spax = 130 MPa -
Smln = 70 MPG

TEST No. 1 T
- (o) =
B a .
_ o i

o
- 0 —
C ju] n
L (o) -
: o° i
L. o o
(o}
_ GP i
O
Qo
o o =
- o} o
- =
| | 1 | 1 1 o | | | | 1 | |

3 5 10 20 30 40 50 60 70 80 90100

AK (MPaVm)

Fig. 13 Constant amplitude crack propagation rates
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Fig. 14 Constant amplitude crack propagation rates
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Fig. 15 Constant amplitude crack propagation rates
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Fig. 16 Constant amplitude crack propagation rates
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b1~

-3
e - I T 1 T T 1 T T T T T T T 2
da B .
dn —
(M/CYCLE) L Rizel Smax = 130 MPa 1
Smin =~130 MPa
| TEST No. 7 o |
10-4 — D a
- -
” ES .
N ] .
16}
8 1
o)
a)
1070 080 -
B 6 .
¢)
]0—6 — _
F —
}_ o
10—7 : . : Ll 1 | | |
’ > 10 50 60 70 8090100110

Fig. 18 Constant amplitude crack propagation

rates

AK (MPav'm)




10-3

da
dn
(M/CYCLE)

10—4

10>

10-6

10~/

108

[ .
= T | T 1 [ S [ [ T [ T TT
i ’
L o -
L 0.54 R -1 ° —
ALL TEST RESULTS
- . 7
o®
°
| [ ] [ ]
s . E
L " ]
L. ° ° -
- Y . -
» ° . ]
- 0..3. . -
) [ ]
°
~ ® ° -1
o o™ o
[ ] ® *
- 0°. * N
= o e s . i
- &, e o ]
- o ) ° . -
B : : ¢ :0 ® -1
3 L R i
®
- - o .
® e
o0
L. ® e o e =
[ J
L) ® :
° r ) o o ©
- eoep * J
:—_ ° L e L e
L : o LY N
B - e ]
i e’ ® “eee _
L ]
= o e g -
I : &
[ ] o
[ ]
- " |
L
[ ]
]
g . _:
- . N
- -
% 2
[—
| 1 | | | | 1 | | 1 | 1 3.1
3 10 20 30 40 50 60 70 8090100110
AK (MPav/m)

Fig. 19 Constant amplitude crack propagation rates.
All test results




-

110 MPa 100 MPa 90 MPa 70 MPa

70

60

50
E
E
o
o
T 40
O
z
L
—
N
@)
= 30 [
O
-
<
}_
(@)
-

20

10 H

10861 19386 37499 144978
ll ll ] l | ] 1 1 l | 1 1 1 l ] l I
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
FLIGHTS (x103)
Fig. 20 Average crack propagation curves for different
Smf values - F-27 Spectrum

._.E W_




TOTAL CRACK LENGTH 2a (mm)

70

60

50

40

30

20

10

Smf=]00 MPa
LIGHT GUST
LS LN S L.L
(S 2 05
I
=
=
I
19711 32299 76792
| | | 1 | | | |
10 20 30 40 50 60 70 80
FLIGHTS (x103)
Fig. 21 Average crack propagation curves with light gust spectrum
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Fig. 25 Average crack propagation curves with severe gust spectrum
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Fig. 25 Crack propagation rates as a function of stress level
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0%® FLISIM

10

204

Joee

40%®

SQ*s

#BEGIN# #COMMENT#

RANDOM SELECTION OF FLIGHTTYPFS AND | 0ANS.

IN ACTUAL APPLICATONS THE FOLLOWING TWO PROCEDURES
PUTGTAC AND PUTLOAD SHOULD BE REPLACED RY OTHER
PROCEDURES FOR OUTPUT OF LOAD CODINGS TO AN INTERMEDIATE
DEVICE OR DIRECTLY TO THE FATIGUE TESTING MACHINE,
EACH FLIGHT IS STARTED BY A CALL OF PUTGTAC» WHICH

IS THEN GENERATING OUTPUT FOR THE GROUND=-TO-AIR CYCLE»
CONSISTING OF A NUMBEP OF LOANS IN A FIXED SEQUENCE.
THE PROCEDURE PUTLOAD IS CALLED AFTER THE RANDOM=-
SELECTION OF EACH LOAD.

IN THE PRESENT VERSION THE PROCEDURES ARE PRODUCING
SYMBOLIC OUTPUT FOR TESTING THE PROGRAM,,

ZINTEGER# AyByCoDyFoF9GoHeTIoJoL oMoy IFL9ILNsILPy
SFLeSLNsSLPyRFLIRLNyRLPySUMFLTIGHT s SUMLOAD .
#ZINTEGER##ARRAY# LOAD(/1¢¢109140117)
FREQyAMPLNSAMPLP (/10010/)91A21B(/1ee2/) 0y

#INTEGER##PROCEDURE# RANDOMN(N) o4

#COMMENT#

N=USED TO GENERATE THE NEXT RANDOM INTEGER IN THE

FIRST (N=1) OR IK THE SECOND (N=2) ROW.,

#VALUE# Ng»

2INTEGERZ No»

#BEGIN#
2INTEGER# SyPsTay

e=3#IB(/N/)+1+TA(/N/)#DIV£3276849

po=S$DIV¢65536¢9
Tex=3%#IA(/N/)+IB(/N/)+Pqy
TA(/N/) «=S=P#65536,9

" IB(/N/) «=2T=(T#DIV#65536) #65536,
RANDOMN¢=TA(/N/)#DIV#2,4

#END# RANDOMN,

#PROCEDURE# PUTGTAC.»
#COMMENT#
OUTPUT OF FLIGHTTYPE AND THE RANDOM NUMRERS
SELECTING ITs DURING THE FIRST 50 FLIGHTS.»
#BEGIN#
2INTEGER# INRe»
INRe=4000-SUMFLIGHT 49
#2IF# INR #£LESS# S1 #THEN#
#BEGIN#
2IF# INR=7 #THEN# OUTPUT (4] 2 (#£%2)#) .,
#2IF# INR #LESS2 7 #AND# TNR #NOTEQUAL# 1 #THEN#
OUTPUT (41 9#(£///#)#) o
OUTPUT (41 4# (## (FFLIGKTNUMRER#) #
3ZD4By# (#TYPE#) #4BB#) 24 INR) ,,
OUTCHARACTER (41 9# (2EDCABFGHIU#)#4IFL) ay
OUTPUT (414#(24B9# (#RANDOM(A4B) = #) 2,
2(5Z0BB) 9/2)#4s1A(/1/)21B(/17)) e
#COMMENT# SET POINTER J FOR PUTLOAD,»

J.=0.’ .
2END# #ELSE# SUMFLIGHT <=0
#END# PUTGTAC.,,

AIGOL programme (to be continued)
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#PROCEDURE# PUTLOAD(I) ey
#COMMENT# ,
OUTPUT OF LCADS CODED ACCORDING TO THE ROMAN FIGURES
OF TABLE 3, DURING THE FIRST 6 FLIGHTS.,
#VALUE* Io’
ZINTEGER# T4
#REGIN#
2INTEGER#Z INR.
INRO=4000“SUMFLIGHTQ’
2IF# INR #GREATER# 6 #THEN# 2G0TO0# FINISHe9
2COMMENT# VALUE OF J INITIALIZED IN PROCEDURE PUTGTAC.s
J0=J’10’
2IF2 J=1 #THEN#Z OUTPUT (4192 (£/#)%) .
OUTPUT (4] 9% (#£+ZN3BE)Z9I) o
2IF# J=20 #THENZ Je=0ey

FINISHe

#ENDZ PUTLOAD. s
#FCOMMFNT# FLIGHTTYPE AND NUMRFR OF FLIGHTS.»
Ao= Geo FREQ(/A/).= 1.'
Be= Sey FREQ(/B/) .= leo
Ce= 3es FREQ(/C/).= 3o
De= 20’ FREQ(/D/) = Qe
Ee= lesy FREQ(/E/) = 2449
Fe= 6e9y FREQ(/F/)e= 60,0
Ge= 79 FREQ(/G/)ae= 18lay
He= Bey FREQ(/H/).= 42000
Ie= Qe FREQ(/I/).=10900’

Je=10a9 FREQ(/J/).=22114>

#COMMENT# LOADSs ‘
#FOR# Le=]1 #STEP# 1 #UNTIL# 10 #DO#*
#FOR# Me=1 #STEP# 1 #UNTIL# 11 #D0#
LOAD(/L’M/).=OO’

LOAD(/A910/) e= 900,
LOAD(/As 9/)e= 391,
LOAD(/Ay 8/)e= 112,

LOAD (/Ay T/)e= 64,y
LOAD (/Ay 6/)e= 1R,
LOAD(/Asy S/)e= Q.
LOAD(/Ay 4/) o= L )
LOAD(/Ay 3/)e= 1o
LOAD(/Ay 2/) e= leo
LOAD(/Ay 1/)e= leo
LOAD(/R9s10/) e= 899,
LOAD(/By 9/)e= 366,
LOAD(/By 8/)e= Th,o
LOAD (/B T/)e= 39,9
LOAD(/By 6/)e= 11,9
LOAD(/Bs S5/) = Se?
LOAD(/By 4/)e= 2.9
LOAD(/By 3/)e= 1,9
LOAD(/Bs 2/) = leo

AIGOL programme (continuation)




120..

130»

lgpue

15naa

legnew

170%#

LOAD(/C»1
LOAD (/Cy
LOAD(/C»
LOAD(/C»
LOAD(/C»
LOAD(/C»
LOAD(/Cy
LOAD(/Cy

LOAD(/Dyl
LOAD(/D»
LOAD (/D
LOAD (/D
LOAD(/Dy
LOAD (/Dy
LOAD (/D>

LOAD(/E 1
LOAD (/E»
LOAD(/E»
LOAD (/E
LOAD (/E
LOAD (/E

LOAD (/Fs1
LOAD (/F»
LOAD (/F
LOAD (/F
LOAD (/F

LOAD(/Gsl
LOAD (/Gy
LOAD(/Go
LOAD(/Gy

LOAD (/Hos 1

LOAD (/Hy
LOAD(/H»

LOAD (/191
LOAD (/1

LOAD(/Js]

#COMMENT#
#FOR# Le=
#FOR# M,=
LOAD (/L1
IA(/1/) e=
IB(/17) «=

-60- App A -3

0/)e= 879,
9/)e= 2774
8/) e= 6l
T/)e= 2249
6/) o= 7.’
S/)e= e
4/) o= leo
3/).= 1.’
0/) e= 680.’
9/) e= 208,
B/)e= 44,9
7/) a= 14,9
6/)o= 7..
5/).2 ].’
4/).= Io’
0/)e= 603,
9/) e= 165,
8/)e= 24,49
77) a= 6o
6/)o= 1.9
5/’0= 1.’
0/) e= 512.’

9/).= 115.’
8/) o= 19,9

7/).: ?.'
6/)0= 1.’
0/)e= 412,
9/) e= 70.9
8/).3 7.’
7/).= 1.’
0/).= 233.’
9/).2 16.’
B/) e= le?
0/).= 60.’
9/).= 1.’
0/)e= 25,9

CALCULATE SUMLOADS AND START RANNPOMNUMBERS.,
1 #STEP# | #UNTIL# 1n #n0#
1 #STEP# 1 #UNTIL#Z 10 £DO#
1/7) «=LOAD(/Lo11/) +LOAD(/L9M/) o,
IA(/E/)Q=I99340'
IB(/2/) «e=4T72S) 0y

ALGOL programme (continuation)
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#COMMENT# RANDOM NUMBER FOR NFXT FLIGHT,
SUMFLIGHT «=400040

RFLe=(RANDOMN (1) #SUMFLIGHT) #DTV#32768e.9
RAMDOMN (2) es #COMMENT# SHIFT ONE PLACE IN SECOND RANDOM ROW.,

#COMMENT# SELECT FLIGHTNUMBER,,
IFLO=SFLO=0.’

IFLe=IFL+10ey
SFL¢=SFL+FREQ(/IFL/) o9

#I1F¢ RFL £NOTLESS# SFL #THEN# #£GOTO# L2,.9
FREQ(/IFL/) «=FREQ(/IFL/)=1lay

SUMFLIGHT e=SUMFLIGHT=1e9

#COMMFNT# FETCH THE CORRESPONNING LOADS,.»
SUMLOAD «=LOAD(/IFLy11/) e

#FOR# Le=1 #STEP# 1 #UNTIL# 10 #DO#
AMPLN(/L/) «=AMPLP (/L/) «=LOAD(/IFLsL/) e

PUTGTAC.’

#COMMENT# RANDOM NUMBER FOR NFXT POSITIVE LOADes
RLPe=(RANDOMN(2) #SUMLOAD) #DIV#32768.

#COMMFNT# SELECT POSITIVE LOAD,,
Ich=SLPo=OoO

ILP.=ILP*10,

SLP¢=SLP+AMPLP(/1ILP/) ey

£2IF# RLP #NOTLESS# SLP #THEN#Z 2G0TO# L4,
AMPLP (/ILP/) o=AMPLP(/ILP/) =14

PUTLOAD (ILP) ey

#COMMENT# RANDOM NUMBER FOR NFXT NEGATTVE LOAD.»
RLN.= (RANDOMN (2) #S1IMLOAD) #DIV#£32768,,

#COMMENT# SELECT NEGATIVE LOAN,,
ILNe=SLNe=0e?

ILNe=TLN+1e»

SLNe=SLN+aAMPLN(/TILN/) o>

#I1F# RLN #NOTLESS# SLN #THEN# #G0TO# Lq.’
AMPLN (/ILN/) «=AMPLH(/ILN/) =140
SUMLOAD«=SUMLOAD=1,9

PUTLOAD (=ILN) o

#IF# SUMLOAD #GREATER# 0 #THEN# #GOTO# | 3«9

#COMMENT# READY LOAD.s
#1F¢ SUMFLIGHT #GREATER# 0 #THEN2 #GOTO# Ll.s

#END*.!

#FOP#
FINIS

AIGOL programme (concluded)
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PROGRAM FLISIM

RANDOM SELECTION OF FLIGHT TYPES AND LOAD LEVELS.

IN ACTUAL APPLICATIONS BOTH SUBROUTINES PRGTAC AND PRLOAD SHOULD

BE REPLACED BY OTHER ROUTINES FOR OUTPUT OF LOAD CODINGS TO AN
INTERMEDIATE DEVICE OR DIRECTLY TO THE FATIQUE TESTING MACHINE,

EACH FLIGHT HAS TO START BY A CALL OF PRGTAC FOR GENERATING THE

GROUND TO AIR CYCLE, CONSISTING OF A NUMBER OF LOADS IN A FIXED
SEQUENCE A

THE ROUTINE PRLOAD MUST BE CALLED AFTER THE RANDOM SELECTION OF EACH LOAD,
IN THE PRESENT VERSION THESE SUBROUTINES ARE PRODUCING SYMBOLIC OUTPUT
FOR TESTING THE PROGRAM.,

COMMON TA(2)sIB(2),4JySUMFL,IFL

DIMENSION FLFREQ(10)yPLFREQ(10) yNLFRFQ(10)9SUMLD(10)+sTABL3(10,10)
INTEGER Ay By Cy Dy Ey Fy Gy Hy

1 SUMFL RFLy FLFREQ,
2 SUMPL’ RPL’ pLFREQ.
3 SUMNL RNL
4 TABL3,y SUMLD
= 4 $ FLFREQ(A)= 1
B= 5 $ FLFREQ(B)= 1
C= 3 $ FLFREQ(C)= 3
D= 2 $§ FLFREQ(D)= 9
=1 % FLFREQ(E)= 24
F= 6 $ FLFREQ(F)= 60
= 7 % FLFREQ(G)= 18]
= 8 % FLFREQ(H)= 420
= 9 % FLFREQ(I)=)090
J=10 $ FLFREQ(J)=2211

SUMFL=4000

STORE LOAD FREQUENCIES OF TABLE R
D0 10 L=1s10

DO 10 M=1,10

TARL3(LsM)=0

CONTINUE

TABL3(As10)= 900
TABL3(Ay 9)= 391
TABL3(Ay 8)= 112
TABL3(Ay 7)= 64
TABL3(As 6)= 18

TARL3(As 5)= 8
TABL(Ay 4)= 4
TARL3(Ay 3)= 1
TARL3(Ay 2)= 1
TABL3(Ay 1)= 1
SUMLD (A) =1500

TABL3(Bs 9)= 366
TABL3(By 8)= 76
TABL3(Bs 7)= 39

TABL3(By 6)= 11
TABL3(By S)= 5
TABL3(Ry 4)= 2
TABL3(Ry 3)= 1
TABL3(By 2)= 1
SUMLD (B) =1400

FORTRAN programme (to be continued)
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TABL3(C»10)= 879
TABL3(Cy 9)= 277
TABL3(Cy 8)= 61
TABL3(Cy T)= 22
TABL3(Cy 6)= 7
TARL3(Cy S)= 2
TABL3(Cy &)= 1
TABL3(Cs 3)= 1
SumMLD (C) =1250

TARL3(Ds10)= 680
TABL3(Ds 9)= 208
TABL3(Dy 8)= 44
TABL3(Ds 7)= 14

TARL3(Dy 6)= 2
TABL3(Ds S)= 1
TABRL3(Dy 4)= |
SUMLD (D) = 950

TARL3(Es10)= 603

TARL3(Es 9)= 165
TABL3(Ey B)= 24

TARL3(Es 7)= 6
TARL3(Es 6)= 1
TABL3(Es S)= 1
SUMLD (E) = 800

TARL3(Fs10)= S12
TARL3(Fs 9)= 115
TARL3(Fs B)= 19

TARL3(Fy T)= 3
TARL3(Fs 6)= 1
SUMLD (F) = 650

TARL3(Gs10)= 412
TABL3(Gy 9)= 70

TABL3(Gy 8)= 7
TABL3(Gs 7)= 1
SUMLD (G) = 490

TABL3(Hs10)= 233
TARL3(Hy 9)= 16
TARL3(Hy 8)= 1
SUMLD (H) = 250

TARL3(I+10)= 69

TABL3(Is 9)= 1
SUMLD(T) = 70

TABL3(Js10)= 25
SUMLD (J) = 25

SET STARTING VALUFS FOR RANDOM GFNERATORS
IA(1)=19934 $ 1A(2)=19934
. IB(1)=647251 $ IB(?2)=47251

FORTRAN programme (continuation)
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NEXT FLIGHT

SHIFT ONE PLACE IN SECOND RANDOM ROW

IR=NRANDM (2)

IR=NRANDM(1)

RFL=TPROD (IR ySUMFL )

CALL SELECT(FLFREQ,SUMFL4RFLsIFL)
SUMPL=SUMLD(IFL)

SUMNL =SUMPL

FETCH LOAD DISTRIBUTION FROM TABLE 3
DO 30 L=1,10

PLFREQ(L)=TABL3(IFLsL)
NLFREQ (L) =PLFREQ (L)

CALL PRGTAC

NEXT POSITIVE LOAN

IR=NRAMNDM (2)

RPL=IPROD(IRySUMPL)

CalLL SFLECT(PLFREN,SUMPL4RPL,sTPL)
CALL PRLOAD(IPLSY)

NEXT NEGATIVE LOAD

IR=NRAMNDM(2)

RNL=IPROD (IRySUMNL)

CALL SELECT(NLFREQ,SUMNL 4RNL,4TNL)
CALL PRLOAD(=INLs 1)

IF (SUMNL GT, 0) ~ROTO 40

IF(J «GTe 0) CALL PRLOAD(0,40)

IF (SUMFL «GTe. 0) GOTO 20
ENP

FORTRAN programme (continuation)

App. A - 7
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FUNCTION NRANDM(N)

COMMON IA(2)IB(2)

N=1 IS USED FOR FLIGHT TYPE SFLECTION
N=2 IS USED FOR LOAD LEVEL SFLECTION
NS=3#IB(N)+1+IA(N) /32768

NP=NS/65536

NT=3#IA(N) «IB(N) +NP
IA(N)=NS-NP#65536
IB(N)=NT=(NT/65536)*65536
NRANDM=IA (N) /2

ENN

FUNCTION IPROD (NRyNSUM)

(NR®#NSUM) /2##15 HAS TO BE CORRECTLY TRUNCATFD
WHILE AT MOST 20 RITS MAY RE USED

IP=NR/128

1Q=NR-1P#128

IPROD= (IP#NSUM+ (1Q#NSUM) /128) /256

END

SURROUTINE SELECT(IFREQyISUM,TR,ISEL)
DIMENSION IFREQ(10)

I=1

IF=0

I=1+1

IF=IF+IFREQ(I)

IF(IR .GE. IF) GOTO 100
IFREQ(I)=IFREQ(I) -
ISUM=ISUM=]

ISFL=1

ENN

SURROQUTINE PRLOAD(TsK)

COMMON TH(4) s JyJSUM

DIMENSION IBUF (20)

OUTPUT OF LOADS CODED ACCORDING TO THE nOMAN FIGURFS
OF TABLE 3y DURING THE FIRST & FLIGHTS
IF(K «FEQe 0) GOTO 100

NR=4000-JSUM

IF(NR GT. 6) RETURN

J=J+1

VALUE OF J INITIALIZED IN PROCEDURE PRGTAC
I3uF (U) =1

IF(J_.LT. 20) RETURN

PRINT 19 (IBUF (N) yN=1sJ)

J=n ’

FORMAT (1H 920(I343X))

END

FORTRAN programme (continuation)
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SURROUTINE PRGTAC

COMMON TA(2)91IB(2) 4JeyJSUMGIFL"

OUTPUT OF FLIGHT TYPE AND THE RANDOM NUMBERS SELECTING IT,
DURING THE FIRST 50 FLIGHTS )
NR=4000-JSUM

IF (NR-51) 200,100,100

JSiM=0

RETURN

IF (NReENQe6 «ORe NRLEQ,7) PRINT 1

FORMAT (1H])

IF(NR «GTe 1 «AND. NR .LTe 6) PRINT 4
FORMAT (//)

PRINT 2oMNR -

FORMAT (1H+ 9 12HFLIGHTNUMBER 314 ¢4 X ¢4HTYPF 42X)
GOTO(11912913914915916917918419,20)91IFL
PRINT 21 % GOTO 300
FORMAT (1H+ 926X 9 1HF)

PRINT 22 % GOTO 300
FORMAT (1H+ 926X e 1HN)

PRINT 23 % GNOTO 1300

FORMAT (1H++426X91HC)

PRINT 24 & GOTO 3n0

FORMAT (1H+926X 9 1HA)

PRINT 25 ¢ GOTO 300

FORMAT (1H+926X 9 1HR)

PRINT 26 % GOTO 300

FORMAT (1H+926X 9 1HF)

PRINT 27 % GOTO 1300
FORMAT (1H+ 926X 9 1HR)

PRINT 28 % GOTO 300
FORMAT (1H+ 926X 9 1HH)

PRINT 29 % GOTO 300

FORMAT (1H+926Xe1HT)

PRINT 30 % GOTO 1300

FORMAT (1H+926X91HJ)

PRINT 3sIA(1),IB(1)

FORMAT (1H+931X913HRANDOM(A4B) =4169e2Xs1K/)
SET POINTER J FOR PRLOAD

J=n

ENP

FORTRAN programme (concluded)
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INPUT DATA
9 Flighttypes i , trequency of type i=FI[i]
10 Load amplitudes j; trequency of Ampl. j in
flighttype i= NI[i,j]
9 10
Sumf= Flil= 2500 ; Suml (i1=> NCij)

iz1

=1

App. A (reference 2)

Flpl:=F(pl-1
Sumf = Sumf-1

| Put erac |0

10
Suml:= ZN [F’,ji
FE
APLjl:= AN[jl=
NIP, )]

1

Generate next @
~-| Random number r,
)
1
Random gk From
""" Generator part 2
I [—
¥
L_ Generate next
Random number r,
Osr, « 2%
\
;X Suml
RLP:= ENTIER | ——
215
(O RLP< Suml-1)
|
Fig. Al

Flow diagram of computer programme.

E 4/“? / From
A4 N\ part 2
Generate next Random
Random number n - Generator
(Osr < 2'5.1) | ~b)
f
RFL:=ENTIER | XSumi
215
(O<RFL2Sumf-1)
@
Q Elements, explained
G in detail in Section A,2
@

(part 1)




-68-

k:= k+1
!

k
RLP2 D APLj]
J=1

yes no

AP[k]:= AP[k]-1

PUTLOAD + k  [f------ @

Random Generate next
Generatorf—-—-—4 Random number e
I (0<r, < 2'%)

. r“xSumI
RLN:=ENTIER
215

(O4£RLN=Suml-1)

k
RLN2 D AP ()]
i=1

!

AN[kl:=AN[kI-1
Suml :=Suml -1

!
| PUTLOAD -k [f-----(@)

to Il
e Sumi>0 YeS o
art 1
T
e Sumt >0 A 56 I
part 1

t

END

Fig. A2 Continued (part 2)
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r AR AR AR R AR R AR AR R AR R AR AR R R A ARk Rk kR A

COMMENT PROGRAM FAST
GENERATILM OF F=27 SPECTRUM LCAD SEQUENCE,
INCLUDING THE GROUND=ATR-GKOUNP CYCLE.
THE LAD SEQUENCE IS STOUREC ONM ARRAY BLOK.
THE SMALLEST LOAD CYCLE IN THE PRCGRAM IS FROM
Level 0 TO LEVEL =l
THE LARCEST LOAD CYCLFE IS FRCM LEVEL 10 TG LEVEL =-1C.
SPECIFIC GUTPUT STATEMENTS MUST Bt DeFINER IN THE PROGRaM

C AR AR R bk Rk R AR R Rk Rk R KR kKR R
PRUGRAM FASTOINPUT,COUTPUT,TAPELC=0)

CUMPENT FANDDM SCLECTIOM OF FLICHTTYPES aAND LOADS
COUMMUN SLUsMFTONFIBoNFPRYNCPRo JoKoL g NRyNPLELSFIELDS (1)

1RLCK(25C0)
DIMENSION LUGAD(EGS1G)oSUMIEC) ) FREQ(SO)SAMPLN(LIC)»AMELP(1C)

INTEGER SLOUSRLUKsTIsTIsTKyTMy TNy FNSSFLOSLNSSLPsRFLIRLNSRLPHTL,

1SUMFL)SUMLUsA)»A29BLlsB2sTSsFsToSUMs FREGUs AMPLN, AMFLPSFIELDS

COMMENT FLIGHT TYPE AND NUMBER OF FLIGHTS

READ #,(NFToNFIRyNFPR)
READ *,(FFFCQ(TI)sTI=1,NFT)

COMMENT LOADS

READ %, ((LUAP(TI»TI)sTI=1s10)TI=1,NFT)

COMMENT CALCULATE SUMLOADS AND STAKT RANDOUM NUMBERS

SLC=1¢
REWIND SLC
00 1C TL=1sNFT
SUM(TL ) =C
10 CUONTINUE
DO 20 TL=1sMNFT
D0 1% TM=1,10
SUMCTL)=SUMCTL)I+LOAD(TL,TM)
1% CONTINUE
2¢ CONTINUE
AL=AZ=19924
Rl1=P2=472%]

COMMENT RANDOM NUMBEKR FCR NEXT FLIGHT
SUMFL=NFIB

TI=NFIR/NFFE
IF(TI*NFPKONEGNFIR) TI=TI+1

Modified version of the F-27 FORTRAN programme (to be continued)
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FLELDS(1) =TI
REWLIND SLD
BUFFERGUT(SLO,1)(FIELDS(L),FIELDS(L))
DUMMY=UNIT(SLO)
FNENCPR=0

25 TS=3%B1l+1441/32768
P=TS/65536
T=3%A14R1+P
A1=TS=P*65536
RL=T=(1/6553€)1%¢€553¢
RFL=((AL/2)*SUMFL) /32768

CGMMENT SHIFT ONt PLACE IN SECUNC RANDOM ROW

TS=3#B2414A2/32768
P=TS/65536
Tx3%A24+4R2+P
A2=TS=-P*6553¢
R2=T=(T/65536)%65536

COMMENT SELECT FLIGHT NUMEBEFK

IFL=NFT+1
SFL=SUMFL

SC IFL=1FL-1
SFL=SFL=FREQ(1FL)
IF(RFL«LTWSFL) GOTO 5¢C
FREQ(IFL)=FREQ(IFL)=1
SUMFL=SUMFL-1

COMMENT FETCH THE CORRESPUNCING LDADS

SUMLO=SUMCIFL)
D3 52 TL=1,1C
AMPLN(TL)=AMPLP(TL)=LOAD(IFL,TL)
55 CONTINUE

NCPR=NCPR+1

SERBF R AR EF DR A AR RA RN AR AN AR RN AR KRR R F RN RN
THe FOLLOWING STATEMENT DEFINES THE GROUND-AIR=GKRCOUND CYCLE.
THE GEROUND LEVEL IS LEVEL =11,

ok kR Rk R R R Rk d ko Rk xRk ok ok Rk

BLOK(NCPR)==11

FN=FN+]

OO

COMMENT RANCOM NUMBER FOR NEXT POSITIVE LODAD

¢C TS=3%B2+14A2/3276C
#r=TS/6£536
T=3%A2+B2+P
A2=TS=P*6553¢0
B2=T=(T/65536)%6553¢
RLP=((A2/2)*5UMLD) /3768

COMMENT SELECT PGSITIVE LCAD

Modified version of the F-27 FORTRAN programme (continuation)
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115 ILF=0
SLP=SUMLTD
70 1ILP=ILP+]
SLP=SLP=AMPLP(IIP)
IF(RLP.LTSLF) GQOTU 70
120 AMPLP(ILP)=AMFLPUILP)-1
NCFKk=NCPR+1
ELCK(NCPR)=]LP

12% CUMMENT KANDOM NUMBER FCR NEXT NEGATIVE LOAD
TS=3%B2+4L4A2/32766
PeTS/65936
Te3#A24R24P

13¢ A2=Ts=F*65536

B2=T=-(T/65536)*%€¢553¢
RLN=((A2/2)%SUMLD) /32768

135 COMMENT SELECT NEGATIVE LOAD
ILN=0
SLhé=SUMLO
8C ILN=JLM+]
14G SLN=SLN=AMFLN(ILN)

IF(RLNLTLSLN) GOTO 80
AMPLN(ILN)=AMPLN(ILN)=-1
SUMLU=SUMLD=-1
NCPR=aNCFR+1

145 BLOK(NCPR)==]LN

CCMMENT STORE ON SLC

150 IF(SUMLG.GTW0) GOTO 60
FIELDS(1)=NCFPR
BUFFEROQUT(SLO» 1) (FIELCS(1)FIELDS(1))
DUMMY=UNIT(SLD)
158 FIELDS (1) =FN
BUFFERDUT(SLO XY (FIELDS(L)»FIELDS(1))
DUMMY=UNIT(SLO)
FN=NFIB=SUMFL
NCPR1=NCPR+1
160 DO &% TKk=NCFR1,2500
BLOK(TK)=0
8% CONTINUEL
I R R R N R R S SRR R R RS R E S22 SR 30
THE LCAD SEQUENCE IS STCFED ON ARRAY BLOK.
USING THE FOLLOWIMG Twl STATEMENTS THE TOTAL LOAD
SEQUENCEy INCLUDING THEF GROUND=AIR=-GROUND CYCLE,
IS PRINTED. -
IF NECESSARY AN APPROPRIATE CUTPUT STATEMENTSHOULD Bt ADRCED
oo ok ook ok ok kR K ok ok ok ok ok o b ok o ok Rk ok ok ok ok ok ok bk
17¢ FRINT 1u02»(RLOK(1)»I=1,2500)
1002 FORMAT(1H»20(73,3X))

165

OO0

Modified version of the F-27 FORTRAN programme (continuation)




-T2- App. B - 4

RUFFERCUT(SLOo»LI(BLOK (1) »BLOK(250GD))
DUMMY=UNTT(SLE)
Fh=NCPr=9

i KEWIND SLI

“COMMENT ke ARY LDAD
GC IF(SUMFLOGTSG) €CTO 25
18¢ ENC

THE FOLLOWING COMPUTER CARDS ARE REQUIRED AS INPUT:
CARD NO.
9 2500 100

p—

2 11 4 2 1 1 27 70 184 2200
3 23 3 0 1 1 0 0 0 0
4 24 6 2 2 1 0 1 0 0 0
5 25 7 3 2 1 1 0 1 0 0
6 28 7 5 3 0 2 0 1 0 1
7 27 7 4 2 2 0 1 0 1 0
8 20 4 2 1 1 0 0 0 0 0
9 18 2 1 1 0 0 0 0 0 0
10 14 1 1 0 0 0 0 0 0 0
11 9 1 0 0 0 0 0 0 0 .0

Modified version of the F-27 FORTRAN programme (concluded)






