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SUMMARY

Flight-by-flight fatigue tests were carried out on specimens
representing part of the front flange of the main spar of the Mirage
III wing. Two loading spectra/loading sequences were used, the first
being a 200-flight sequence incorporating 24 different types of
flight developed by the Eidgenopsisches Flugzeugwerk in Switzerland
and the second a much simplified 100-flight sequence incorporating
only 4 different types of flight developed by Avions Marcel Dassault
in France.

The fatigue tests showed that there were no significant
differences in the lives to failure between specimens tested under the
two sequences, and it was therefore concluded that the use of the
simplified stress spectrum/sequence would not have invalidated the
findings of a previous investigation to develop life-enhancement
procedures for the Mirage wing main spar. /
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1. INTRODUCTION

Investigations have been carried out in Switzerland,
Australia and France to determine the fatigue behaviour of the
Mirage III wing and to develop procedures for increasing the life
of the main spar <Refs 1-3).

The loading sequence used during the fatigue testing
of the complete structure in Switzerland (at the Eidgenossisches
Flugzeugwerk (F+W), Emmen) was a 200 flight flight-by-flight sequence
made up of 24 distinct flights. However, most of the fatigue tests
at the Aeronautical Research Laboratories (ARL) on specimens
representing sections of the spar flange - including those used
to develop the rear flange refurbishment techniques (Ref. 3) -

were carried out using a 100 flight flight-by-flight sequence of
only four different types of flight which Avions Marcel Dassault
(AMD) had derived from a much simplified version of the Swiss load
spectrum.

In order to demonstrate whether the findings of the

various spar life-enhancement investigations might have been

invalidated by the use of the simplified spectrum/sequence, a
program of comparative fatigue tests was undertaken using the two
spectra/sequences. The results of these tests are covered by this
report.

2. FATIGUE LOADING SPECTRA

The test load spectrum adopted for the full-scale
Mirage III fatigue test at the F+W was derived from fatigue meter
records and strain measurements on aircraft in the Swiss Mirage
fleet (Ref. 4). Various missions were defined and identified by
24 "typical" flights which were then combined to provide the required
load spectrum in a test sequence containing 200 flights. The
cumulative frequency spectrum of 'g' exceedances is shown in Fig. 1
and the order of occurrence of the 24 distinct flights in the 200-
flight sequence is given in Table 1 (Ref. 5). It should be noted
that the maximum load of the sequence (+7.5g) occurs twice in each
sequence of 200 flights - in flights 48 and 150. Each typical flight
consisted of three or four segments (representing, for example, take-
off, combat, landing), the actual load sequence in each being
appropriate to the particular segment.

During the development of the Mirage III aircraft
AMD derived a much simplified version of the Swiss test spectrum
which consisted of only four different types of flight arranged into
the 100-flight sequence shown in Fig. 2. Each 100-flight sequence
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included only one occurrence of the maxinum l.ad cf +7.5g -uringa

flight 42, and adopted a lo-hi-lo sequence of loads within each.-
"flight". The cumulative frequency spectrum of loads for the French
sequence is also shown in Fig. 1. Except at low loads, both the
Swiss and French load spectra are very similar.

3. TEST SPECIMENS AND MATERIAL

Figure 3 illustrates the type of low-shear-load-
transfer bolted joint fatigue specimen used in this investigation.
It was designed to represent the lower front flange of the main spar
of the Mirage III at the position (hole no. 12) at which the major
failure had occurred in the first series of full-scale fatigue tests
on the structure carried out at the F+W. Although identical to
the specimens used in the testing program reported in Ref. 2, only
two of the variants of hole treatments and fasteners were used in
the current tests namely:

(i) Type C, where the bolt holes were cold-expanded by
the Boeing Split-Sleeve process (Ref. 6) by nominally
3% and 0.25 inch clearance-fit bolts used as the
fasteners, and

(ii) Type D, where 8.15 mm outside diameter interference-fit
bushes of grade 304 austenitic stainless steel were
inserted in the holes and 5 mm clearance-fit fasteners
used. The bush interference was 0.25 to 0.35%.

Full details of the cold-expansion and interference-fit bushing
treatments which were adopted are given in Appendix 3 of Ref. 2.

The fatigue specimens were made from aluminium alloy
B.S. L168 supplied in the form of 63.5 mm x 31.75 mm extruded bars.
Specification values for the tensile properties and chemical
composition together with those derived from ARL tests on the
particular batch of material (laboratory code GR) are given in
Table 2. Table 2 also includes the results of tests on compact
tension fracture toughness specimens taken from offcuts of the
extrusions. The notch in these specimens was machined in the long
transverse direction.

4. FATIGUE TESTS

The fatigue testing program included 22 of the cold-
expanded hole specimens (Type C) and eight specimens incorporating
interference-fit bushes (Type D). About half of each type were
tested under the French and Swiss sequences respectively.
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All fatigue tests were carried out in a Tinius-Olsen
servo-controlled electro-hydraulic fatigue machine. The French
sequence was achieved using an EMR Model 1641 programmable function
generator controlled by a punched tape and operating in sine wave
mode; while the Swiss sequence was achieved through a DEC PDP 11/20
computer, using a control tape with a strain sequence corresponding
to that at hole no. 12 in the Swiss full-scale test. This sequence
was deduced from that at a strain gauge (position 1.4T) located near
hole no. 12. The computer control provided a quasi-sinusoidal cyclic
loading.

Fatigue loads were calculated on the basis that +7.5g
corresponded to a gross-section-area stress (not including the skin
plates) of 235 MPa (see Appendix), and that for the French sequence
there was a single linear stress/g relationship, i.e. the lg gross-
area stress was 31.3 MPa (Ref. 2). The French cumulative frequency
stress spectrum for +7.5g = 235 MPa is shown in Fig. 4, and the stress
values for individual 'g' values are given in Table 3. Similarly,
for the Swiss sequence, the +7.5g load level corresponded to 235 MPa,
and stress and 'g' were linearly related. However, because of
different loading cases within individual flights in the Swiss
sequence (associated, for example, with fuel usage, elevon operation,
the use of air brakes), there is not a unique stress/g relationship
for every value of 'g'. Consequently, there are some differences
between the Swiss cumulative frequency stress spectrum (Fig. 4) and
load spectrunt (Fig. 1) relative to the respective French spectra and,
furthermore, the Swiss stress spectrum incorporates a much greater
number of low-amplitude loads than does the French. Some tests were
also carried out in which all stresses were scaled upwards by a factor
of 1.25, i.e. at +7.5g the corresponding stress was 294 MPa. A trace
of the stress sequence under the Swiss spectrum around flights 48 and
150 is shown in Fig. 5.

For tests involving the French sequence, cycles of
+6.5g to -l.5g and +7.5g to -2.5g (a total of 39 cycles in 100 flights)
were applied at a cyclic frequency of 1 Hz, whereas the remaining
1950 cycles per 100 flights were at 3 Hz. One 100-flight sequence
took about 12 minutes to complete. The Swiss 200-flight test sequence
(which consisted of about 2 x 10 cycles) was applied at an average
frequency of 9.3 Hz, and took about 36 minutes to complete.

Fatigue test results for all specimens are given in
Table 4. The "failure" bolt hole identification is shown on Fig. 3.

5. FATIGUE FRACTURES

The fracture surfaces of all specimens broken in this
investigation are shown diagramatically in Fig. 6, and photographs of
repre3entative fractures are illustrated in Fig. 7. These show that
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hcles nos 2 and 4 3redcmnated as the hcles fr:om which the maKcr
fatigue crack development occurred, the only exceptions being two
of the interference-fit bush specimens where the major crack
initiation was close to hole no. 1. However, the actual fracture
path in all but one of the 30 specimens tested passed through an
adjacent bolt hole and in about half the cases provided evidence
of fatigue cracking at these holes.

In the cold-expanded-hole specimens the fatigue
fracture developed from multiple crack initiation along the bores
of the holes whereas, for the interference-fit bush specimens,
initiation by fretting at one or both faces of the specimen was
more usual. Of the 22 cold-expanded hole specimens, the fatigue
crack development in five approximated a through-the-thickness
crack situation. In thirteen of the remainder the major cracking
occurred at the end of the hole corresponding to the entrance point
of the expansion mandrel, while for the other four specimens, it
was at the exit end.

6. DISCUSSION

Table 5 summarises the results of the fatigue tests
and provides a comparison of the average lives of the three groups
of tests covered by the investigation.

The previous investigation (Ref. 2), which included
tests under the French sequence only, demonstrated the superiority
of the interference-fit bush system compared with hole cold-expansion
for fatigue life enhancement. Those findings are supported by the
present tests under the Swiss sequence.

Although the numerical values of the mean lives given
in Table 5 for groups of specimens tested under the French spectrum
are greater than those under the Swiss spectrum, the differences
for individual groups are statistically significant* only for the
cold-expanded hole specimens tested with +7.5g = 294 MPa. However,
a comparison of the French and Swiss sequences based on a two-way
analysis of variance and a pooling of the respective results for
the two sequences indicated no significant differences in their
average lives.

This result is not surprising as tests (Ref. 8) on
larger bolted joints under the French sequence indicated that the
estimated damage contribution from the lowest load range in the
sequence amounted to only about 6% of the total damage. As in the
current investigation, the minimum load range was 20% of the maximum
load range of the sequence. Other multi-lcad-level fatigue tests on

* At a level of significance of 5%.
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multi; :e-bc'ted ji.nts of sheet,/"ate aluminium alloys have also

sh:A' that the omission of stress ranges up to and above the fatiguLe
lirit (c ,rres,,':nu to 25% of the maximum stress range) have no
sicnifi-ant effect on fatigue lives (Ref. 9); and that load ranges
of 25% of the maximum range contributed an estimated 10% of the
ttnl damage (Ref. 10) . Similarly, Broek and Smith (Ref. 11) have
sh.4n that the omission of load ranges of up to about 25% of the
maximum load range of the spectrum have no significant effects on
the crack growth behaviour and fatigue lives of centre-notched
panels of 7075-T3 aluminium alloy. These findings support the
proposal (Ref. 12) that load amplitudes of up to 20% of the maximum
load amplitude in a multi-load-level sequence might be omitted
without significantly affecting fatigue lives.

Thus, on the basis of this investigation, there is
no evidence to suggest that the conclusions arrived at from the
Mirage III spar life-enhancement investigation (Ref. 3) would be
invalidated because of the use of a relatively simple flight-by-
flight loading sequence for that testing program.

7. CONCLUSIONS

Flight-by-flight fatigue tests carried out on specimens
representing part of the front flange of the main spar of Mirage III
wings have indicated:

i) that there are no significant differences in the lives
to failure between specimens tested under a complex
flight-by-flight sequence i:cur)iorating 24 types of
flight and a much simplified flight-by-flight sequence
of only four types of flight; and

(ii) that the finingcs of ,' jrelcus investigation to develop
life-e h~n-eent prce lures f *r the Mirage wing main
spar would not be invii ,te, b. the use of the simplified

spectrum/sequerce.
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A7ENLIX

Derivation of test stresses 7-

.1
The stress at 7.5 g was derived from strains measured at

gauge 1.4T during the 1979 strain survey of the left-hand Swiss
Mirage test wing. This gauge was located at the inner surface of
the lower front flange of the main spar between bolt hole no. 14
and the spar web, and a multiplying factor of 1.2 was used to
estimate the strain at the Swiss failure location (hole no. 12).
Two different methods were used to estimate the strain at 7.5 g, and
the value of 235 MPa adopted for this investigation was an average
of the two. The first was determined directly from the actual
r.--erical value of strain at 5 g using the ratio 7.5 (g)/5 (g) and
resulted in a strain of 3240 microstrain (stress 237 MPa). The
second method was based on the average microstrain per g from the
1 g to 5 g increment (Ref. 7) and resulted in a strain of 3201
microstrain (stress 234 MPa).
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IAB.LE 2

!RO[ERTIKS OF -EST MATERPAL

(a) Clemical cq sition (%)

Element British Standard Test material

L168: 1978 GR

Cu 3.9-5.0 4.29

Mg 0.2-0.8 0.43
Mr 0.4-1.2 0.76

Fe 0.5 max 0.23
Si 0.5-0.9 0.74
Ti 0.15 max not analyzed
Cr 0.10 max 0.01
Zn 0. 25 max <0.20

(b) Static tensile

Property British Standard Test material

L168:1978 GR

0.1% proof - 466
stress (MPa) (sd 10)
0.2% proof 440 474
stress (MPa) (sd 12)
Ultimate tensile 490 524
stress (MPa) (sd 12)
Elongation (%) 7 11

(sd 2)
0.1* PS/UIt 0.89

s= standard deviation

(c) Fracture toughness (K ) of GR material

Specimen thickness (mm) MPa.m I 2  ksi in1 2

25 34.5* 31.5*
19 32"0- 29"2-

Average of two specimens from the one bar.
Average of five specimens from different bars.
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FIG. 6(a) FRACTURE SURFACES. SPECIMEN TYPE (C)
COLD EXPANDED HOLES, FRENCH SEQUENCE,

7.5q 235 MPa
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2,4 1,3,5

Nut face

Specimen no.
GR6D
Flights: I.2

14,742

I Very small crack

Nut face

Specimen no.
GRI9D

Flights:
16,542

Nut face

Specimen no.
GR3D
Flights: I..I

20,427

FIG. 6(a) FRACTURE SURFACES: SPECIMEN TYPE (C)
COLD - EXPANDED HOLES, FRENCH SEQUENCE,
+ 7.5g 235 MPa



2,4 1,3,5

Nut face

Specimen no.
GR8IB
Flights: A.
3,136

Nut face

\ .9

Specimen no.
GR12B

Flights:
3,223
(see Fig. 7 (a))

FIG. 6(a) FRACTURE SURFACES: SPECIMEN TYPE (C)
COLD - EXPANDED HOLES, FRENCH SEQUENCE,
+7.5g - 294 MPa
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Nut face

Specimen no.
GR16D

Flights:
2,362

Nut face

Specimen no.
GR26D
Flights:

2,818

Nut face

Specimen no.
GR5D

Flights:
2,913

FIG. 6(a) FRACTURE SURFACES: SPECIMEN TYPE (C)
COLD - EXPANDED HOLES, FRENCH SEQUENCE,
+7.5g 294 MPa

(The full lines indicate the approximate extent of fatigue cracking before final failure,
while the small dashed lines represent the approximate boundaries of the 'flat' area of
the major crack before the development of shear lips at an advanced stage of the crack
propagation. The dot-dash lines represent the approximate Doundaries of the shear lips
at final fracture.)
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Datum mark -

K'1
Direction of

extrusion

-50
1.5 thick skin

14 2024 -T3
8 14 Al alloy

()

.2 (2) C
C>

U, (4) '

I 76 x 32 x

Ipcm _ _ _e 1.75 thick
pecien Tpe Cpacking

-~10 0.250 inch dia. piece
bolts in cold- 2024--T3

48 expanded holes Al alloy

Specimen Type D
5 mmn dia. bolts
in 0.3% interferenceK. - fit steel bushed
holes of 8.15 mm
d ia.

60 L 28

* All dimensions in mm
Bolt hole positions in specimen Material: BS.L-168 Al alloy
indicated by number in( )

FIG. 3 MIRAGE SPAR LOWER FRONT FLANGE FATIGUE SPECIMEN
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FIG. 1 LOAD SPECTRA FOR SWISS AND FRENCH TEST SEQUENCES



TABLE 5 -SUXMMARY CF FATIGUE TEST RESULTS

74
S pecimen 7.5g stress Spectrum Log. average Ratio

type (MPa) life (flights) French

Cold-expanded French 28741
!holes T

294 1.28

Swiss 2247

French 21570

235 1.21
Swiss 17775

Interference- Fec 81 _

fit bushed 235 1.06

Swiss 36354



I..

TABLE 4(b) - TYPE 304 STAINLESS STEEL INTER?-ERNCE-FT BUS'.'SED HOLES

Spectrum Specimen Gross area stress Life Failure Failing Load

no. GR (MPa) at + 7.5 g (flights) hole no. (kN)

French 17E 235 27013 2 271
20E " 30227 2 274

23E " 41242 1 292

12E 41542 1 282

25E 61342 2 287

Log. average = 38610; s.d. of log. life = 0.139

Swiss 21E 235 34508 2 269
22E " 38298 2 267

19Et " 102077 4 478

Log. average (21E and 22E) 36354; s.d. of log. life = 0.032SI I I ;

+Specimen GR19E was inadvertently subjected to a compressive overload of
about 400 kN at 24,157 flights. It was unbroken after 102,077 flights,
when it was statically loaded in tension and failed through a small
fatigue crack at hole 4.

-

.

4 Ij



TABLE 4 (a) -C D- X'AVEE, H2OLEQ

~pe t ru;n S p e c irien Gross area stress - le Fail-.re Failing Lad

* ~no. CR (.MPa) at + 7. 5 g* (lights) hole no. (kN)

French lED 294 23E2 2 I 336

26D 2818 4 340

5D 2913 4 330

12B I 3223 4 I 332

Log. average -2874; s.d. of log, life =0.053

6D 23 15 14742 4 303
19D 16542 4 264
3D 20427 4 265

23D It24413 4 271

9D 25813 4 r 2400

11B It25842 2 283

2D 26781 2 267

Log. average 21570; s.d. of log, life =0.104

Swiss 25D 294 1971 4 342

10D 2108 2 364

8D 2143 4 351

9B 2505 2 322

14D 2571 4 366

Log. average =2247; s.d. of log, life =0.0500

24D 235 11647 2 298

13D 247 13048 4 Not recorded

4D 235 18344 2 294

6A 19743 2 295

12D 21447 4 303

Log. average = 17343; s.d. of log, life = 0.119

"Adjusted" Log. average = 17775; s.d. of log, life = 0.105

*Nominal machine forces at 1+ 7.5 g' load were 316 kN for 7.5 g stress of

235 Mr-a and 395 kN for 294 MPa.

tUsing relationship given in Reference 2.



TABLE 3 - GROSS AREA STRESS VALUES FDF: FRENCH SEIUENCE

' stress (MPa)

+7.5 235
+6.5 204
+5 157

+4 125
+3 94
+1 31
+0.5 16

0 0
-1.5 -47
-2.5 -78

Maximum load range of sequence, +7.5 g to -2.5 g - 313 MPa

Minimum load range of sequence, +3 g to +1 g F 63 MPa

minimum range
Ratio = 0.20

maximum range

.

I



2,4 1,3,5
Nut face

Specimen no.
GR25D

Flights:
1,971

Nut face

Specimen no.
GR10D

Flights:
2,108

Nut face

Specimen no.
GR8D

F lights:
2,143

9-e

FIG. 6(b) FRACTURE SURFACES: SPECIMENS TYPE (C)
COLD - EXPANDED HOLES, SWISS SEQUENCE,
+7.5g 294 MPa



2,4 1,3,5

Nut face

Specimen no.
GR9B

Flights:
2.505

Nut face __

Specimen no.
GR14D '

Flights:
2,571

9.

/S

FIG. 6(b) FRACTURE SURFACES: SPECIMENS TYPE (C)
COLD - EXPANDED HOLES, SWISS SEQUENCE,V. +7.5g = 294 MPa



2,4 1,3,5
Nut face

Specimen no.
GR24D \

Flights:
11,647 1 )

Nut face

Specimen no. .

GR13D ;;" '

Flights:13,048 I| i

(see Fig. 7(a) )

Nut face '.'

Specimen no.
GR4D I -

p ~~~ -I Fights: , 2

_ 18,344

--

FIG. 6(b) FRACTURE SURFACES: SPECIMENS TYPE (C)
COLD - EXPANDED HOLES, SWISS SEQUENCE,
+7.5g 235 MPa
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2,4 1,3,5
Nut face

Specimen no.
GR6A

Flights:
19,743

Nut face

Specimen no.GR12D .

F lights:
21,447
(see Fig. 7(a)) P

FIG. 6(b) FRACTURE SURFACES: SPECIMENS TYPE (C)
COLD -- EXPANDED HOLES, SWISS SEQUENCE,
+7.5g 235 MPa



2,4 1, 3,5

Nut facef

Specimen no.
GR17E
Flights:
27,013 -

Nut facej__

Specimen no. \
GR23E
Flights:
30,22

FIG.~~~~~~~u 6()FATR U FACEPCMNTE(D

+7.5g -- 23/~



2, 4 1,3, 51

Specimen no.
GR12E
FlIights:
41,542 Planes about

(see Fig. 7 (b) > 7mm apart

j~ ~Nut f ace

Specimen no,
GR25E

FlIights:
61,342

FIG. 6(c) FRACTURE SURFACES SIF CIMEN TYPE (D)
INTERFERENCE FIT RuSHF-S FRENCH SEOUENGE,
+ 7.5g 235 MPa
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2,4 1,3,5
Nut face

Specimen no.
GR21E
Flights:
34,508
(see F ig. 7 (b))

- Nut face

Specimen no.
GR22E
Flights: 738,298 I

Nut face

Specimen no.
GR19E
F lights:
102,077

- -J

FIG. 6(d) FRACTURE SURFACES: SPECIMENS TYPE (D)
INTERFERENCE - FIT BUSHES, SWISS SEQUENCE,
+7.5g - 235 MPa



]

Nut face j

Specimen no.
GR 12B

French sequence
+ 7.5g -= 294 MPa

Flights:
3,223

Nut face

Specimen no.
GR 13D

Swiss sequence
+7.5g =- 235 MPa

Flights:
13,048

Nut face

Specimen no.
GR 12D

Swiss sequence
+7.5g = 235 MPa

F lights:
21,447

0

FIG. 7(a) FRACTURE SURFACES: SPECIMEN TYPE (C)
COLD - EXPANDED HOLES



Nut face

Specimen no.
G R 12E
French sequence
+7.5g =-235MPa

Flights:
41,542

Specimen no.
GR 21E
Swiss sequence
+7.5g -235 MPa
Flights:
34,508

FIG. 7(b) FRACTURE SURFACES: SPECIMEN TYPE (D)
INTERFERENCE - FIT BUSHES



DISTRIBUTION

AUSTFAL IA

Department of Defence

Central Office

Chief Defence Scientist
Deputy Chief Defence Scientist ) opy
Superintendent, Science and Program Administration ( cp
Controller, External Relations, Projects and Analytical Studies)
Defence Science Adviser (U.K.) (Doc Data sheet only)
Counsellor, Defence Science (U.S.A.) (Doc Data sheet only)
Defence Science Representative (Bangkok)
Defence Central Library
Document Exchange Centre, D.I.S.B. (18 copies)
Joint Intelligence Organisation
Librarian H Block, Victoria Barracks, Melbourne
Director General - Army Development (NSO) (4 copies)
Defence Industry and Materiel Policy, FAS

Aeronautical Research Laboratories

Director
Library
Divisional File - Structures
Authors: J.Y. Mann

G.W. Revill-
W.F. Lupson
A.S. Machin
J.M. Finney
C.A. Patching

J.G. Grandage
C.K. Rider
L.M. Bland

Materials Research Laboratories

Director/Library

Defence Research Centre

Library

Navy Office__

Navy Scientific Adviser

Army Office

Scientific Adviser -Army

... /contd.

3 q



DISTRIBUTION (CONTD.)

Air Force Office

Air Force Scientific Adviser
Director General Aircraft Engineering - Air Force
Director General Quality Assurance - Air Force
HQ Support Command (SLENGO)
Air Attache Paris

Central Studies Establishment

Information Centre

Department of Defence Support

Government Aircraft Factories

Library

Department of Aviation

Library
Flying Operations and Airworthiness Division

Mr C. Torkington

Statutory and State Authorities and Industry

Trans-Australia Airlines, Library
Qantas Airways Limited
Ansett Airlines of Australia, Library
Commonwealth Aircraft Corporation, Library
Hawker de Havilland Aust. Pty. Ltd., Bankstown, Library

Universities and Colleges

Melbourne Engineering Library

Monash Hargrave Library
Professor I.J. Polmear, Materials

Engineering

CANADA

CAARC Coordinator Structures
NRC

Aeronautical & Mechanical Engineering Library

INDIA

CAARC Coordinator Structures

.../contd.



DISTRIBUT:ON (CONTD.)

s trje of Spcize and Astronautical Scie:ce, Library

-HE RLA%"D

National Aerospace Laboratory (NLR), Library

Universities

Technological University Professor J. Schijve

NEW ZEALA-ND

Defence Scientific Establishment, Library

SWEDEN

Aeronautical Research Institute, Library

SWITZERLAND

F+W (Swiss Federal Aircraft Factory)

UNITED KINGDOM

Royal Aircraft Establishment, Farnborough, Library
CAARC Co-ordinator, Structures

UNITED STATES OF AMERICA

NASA Scientific and Technical Information Facility
Fatigue Technology Inc., Mr R.L. Champoux

SPARES (15 copies)

TOTAL (89 copies)

I



DOCUMENT CONTROL DATA

3F -CGF LIVES UNDER A TLNy,;,Z.-EIF 1E D 7
-- :X AND A -- ' TYI~PLIFIEZ) FLU;HiT- b tfls C 6bl~rWI j 7 P~cA o

Y- LH EST IIN SE-QI)ENCE U U 11

MAN, CW.REvILL

I C~ : .Po s e 2 t 4:i Ke ea ci LAo a t r e dd '3 Y (a CPPOWC A

T.-Bx 4-S31, Melbc-rrie, Vic. 3,301

Approved for public release.

Djer- cl Deei*Cn Plu CANBERRA ACT 2E.I

No limitations.

13 b S,s 0, ftovw Qpro (w1 catmo.': w- -c- r # m~ e !sw-f "-Fev' *ctador
1 

U to 13 a

14 159Il. COSAT; Gr w

F.1. >Je (m' t e ri Is) Alumi~nium alloy s 11130
o e'd jort odseta01030

-La dsportrn

F~steners (interference)

I1G Amnwt

Flight-by-flig.t fatigue tests were carried out on speciriens
representing part of the fro-nt flange of the main spar of the Mirage
1Il wing. Tw~o loa--ding spectra/ loading searuences were used, the first
bcing a COO0-flight sequence inccorporating 24 different tvpes of
fl.ight developed bythe Eidgencssisches Flugzeugwerk in Switzerland
and the second a much simplified 100-flight secluenc--e incorporating
37-1i' 4 different types of flight developed by Avi c'rs Marcel Dassault
I Frr.L e.

The fatigue tests showed that there were no sigrificant
d ifferernces in the iivceL tc failure betwee, spec imens tested under te
tw : Seq-ue:'es, and it w--s theirefore concluded tYhit the use of the

C ortd.



pl s ti -Xs *.: -ec-- .I~fE-SI 51 *o; ts ,r Ise bi

1LE ~cr jr, 'szec cI nt have rnva idate' t-ie
jire: :as nve~tigatic.n to dev,:Icp lf-nree,

e: - - th ! -=aj wiamn spa r.

~&~ 1 Rseur~T L'ajratDries, me'b:urrle

so . * 0% -Yb ilp co. C-40n .Oo R Nc,- o powic Co,.w s

MAND2251335

22 Eamherwi role Re.J



* S

I

I

I

FILMED

*, 6-85

DTIC
41

rI o J


