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ABSTRACT

The Aircraft Fatigue Data Analysis System (AFDAS) is a twelve channel, strain based
fatigue data collection and analysis system. The RAAF have recognised that AFDAS
offers significant potential improvements over fatigue meters and parametric based
systems for the purpose of fatigue monitoring and structural integrity management.
AFDAS has therefore been implemented on a number of aircraft types, including the
F-111.

The system does, however, require further development and refinement. AMRL was
requested by the RAAF to provide assistance and advice on the F-111 AFDAS
installation. This report details the progress made so far on the current AMRL F-111
AFDAS support activity. The activity has included aspects which are unique to the
F-111 and also some aspects which have a general applicability to the AFDAS
installation on other aircraft types.

Significant progress has been made in the following areas:

a. Establishing why the strain sensor locations were chosen and how they relate to other
locations of importance for fatigue or structural life monitoring reasons.

b. Eliminating operational errors and difficulties which decrease the integrity of the
data.

¢. Developing new data screening procedures which check the data for inconsistencies
and invalid results.
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EXECUTIVE SUMMARY

Management of the structural integrity issues which arise for an ageing aircraft
fleet requires a good working knowledge of the loads which cause structural
damage. An effective way to obtain this knowledge is to monitor in-flight strain
readings directly at the point of interest. The Aircraft Fatigue Data Analysis
System (AFDAS) provides the mechanism to do just that.

AFDAS has been installed on approximately half of the RAAF F-111 fleet. An
activity within the current AMRL F-111 structural integrity task is to provide
support for the development and improvement of the F-111 application. The
work performed on this activity at AMRL has also resulted in benefits for the
AFDAS installations on other aircraft types because there are many common
aspects.

This report details the progress achieved so far on the current AMRL F-111
AFDAS support activity.
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1. Introduction

The Aircraft Fatigue Data Analysis System (AFDAS) is a strain based fatigue data
collection and analysis system. The system consists of a central processor and
recorder (Strain Range Pair Counter, SRPC) and strain gauge sensors placed at fatigue
critical locations on the structure. The current version of the system (Mark III) records
data from 11 strain channels and one C.G. vertical acceleration channel. The sensor
signals are processed according to a range-mean-pair counting algorithm and the
counts are stored in a 120 cell array called a range-mean-pair table.

Rather than storing the strain information as a direct time based history, the AFDAS
system processes the sensor signals in real time and quantises the peaks and troughs
into pre-defined levels or bands. The peaks and troughs are matched according to a
range-mean-pair counting algorithm and are stored on a flight-by-flight basis as
counts or occurrences of a particular peak/trough (or mean/amplitude) combination.
Reference 1 describes the concept of the system in more detail.

The RAAF have recognised the potential benefits of the AFDAS system in providing
an accurate and comprehensive source of data for fatigue monitoring purposes.
Recording strains directly at the point of interest is seen as a significant improvement
on fatigue meter and parametric based techniques. AFDAS has been implemented on
a number of RAAF aircraft types including F/ A-18, PC-9, Macchi and F-111.

The application of AFDAS to the F-111 was initiated in the early 1980s. The
installation consists of four strain gauges fitted to each wing, seven fuselage gauges
and one C.G. vertical acceleration sensor. Both wings are modified, but only the left
wing gauges are normally connected. The equivalent gauges in the right wing can be
connected in the event of gauge failure. The system is to be installed on eleven F-111
aircraft, and the gauges are to be installed on all wings to allow for wing movements
during maintenance. The current status is that the modification has been incorporated
on seven aircraft, one aircraft is being modified and another three are to be modified.

The aircraft which have been modified and are in active service are now producing
data. The data is transferred to disk once a month each aircraft, and is then forwarded
to the RAAF Aircraft Structural Integrity (ASI) Section at Headquarters Logistics
Command (HQLC) and to DSTO Aeronautical and Maritime Research Laboratory
(AMRL) for analysis and advice. The results so far have indicated some problems
with the data quality and integrity. Further analysis and development is required to
advance the status of the system to the point where it provides consistent, usable and
relevant data to assist in the structural life management process.

RAAF engineers at ASI recently recognised that technical assistance was required
from AMRL to develop the AFDAS system from a theoretical system to a mature, on-
line, operational structural integrity management aid. Specific areas of concern were
raised by the RAAF and documented following the Reference 2 meeting. As a starting
point for AMRL, goals were identified as follows:
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a. Short term goals:

o))
@
3
@

Review strain ranges currently in use,
Establish a configuration trace for AFDAS locations, -
Review transfer functions for wing locations, and

Investigate and advise on transfer functions in general.

b. Medium term goals:

0y

Identify readily implemented uses of AFDAS.

¢. Long term goals:

n
V)

An

Provide advice on sensor calibration, and

Perform a strain survey if required.

AMRL review of these goals was conducted so that a more detailed and specific

project plan could be created. The goals as stated imply that they can be addressed
independently and sequentially, but this is not the case. Specific points identified for
consideration in developing the project plan were as follows:

a.

b.

The suggested short term goals are inter-related.

Since the current operational data exhibited data quality and integrity problems,
a task to co-ordinate the operational aspects was required.

The potential of the AFDAS system to incorporate an inter channel correlation
procedure (Reference 3) was identified and a task to develop this potential was
included in the plan.

A static wing test and strain survey to be conducted at AMRL could be used to
assist with the strain range and transfer function work. Therefore, a task was
included to identify suitable strain gauge locations for the test wing,
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e. The issue of transfer functions had been examined previously by AMRL
(Reference 2). Very limited information was available from strain surveys, and
AMRL opinion at the time was that the development of transfer functions to
relate AFDAS strains to strains/stresses at other significant structural locations
was not practical. This activity was therefore not included as a specific task at
this stage. The results from other areas such as the strain survey, configuration
trace and strain range review may however lead to a specific transfer function
activity to be included in a later issue of the plan.

A project plan, shown at Figure 1, was developed and incorporated in the AMRL
F-111 Structural Integrity Task. The plan was presented to and accepted by RAAF
HQLC ASI staff in May 1994.

This report details the progress achieved so far in the current AMRL F-111 AFDAS
support activity, and constitutes the first progress report.

2. Review of Gauge Locations

A review of AFDAS gauge locations was performed for the following reasons:
a.  todetermine why the locations were initially selected, and

b.  to assist in defining the role of AFDAS as, for example, a loads monitoring
system and/or a system to monitor specific fatigue critical locations.

The general locations of the AFDAS gauges are detailed in Figure 2. The AFDAS
gauge installation consists of a single uni-axial gauge at each location. These locations
have evolved over many years. The F-111 was originally designed as a safe life
aircraft, and through a combination of fatigue testing, analysis and in service
experience, fatigue critical locations were identified to be used as life monitoring
“control points”. These points became known as the Service Life Monitoring Program
(SLMP) control points. The SLMP was developed by the manufacturer (General
Dynamics now Lockheed Fort Worth Company, LFWC) in the late 1970s, and was
based on the safe life approach. The subsequent application in the early 1980s of the
Durability and Damage Tolerance Analysis (DADTA) approach to the F-111
introduced many new analysis points and these became known as DADTA control
points or DADTA Items (DIs). The DADTA program was also developed by the
manufacturer, General Dynamics. The USAF and the RAAF accepted first the SLMP,
and subsequently the DADTA, as the basis for structural integrity management of
their fleets.
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Figure 2: Approximate Locations of F-111 AFDAS Strain Gauges
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There is a degree of commonality between the old SLMP control points and the
DADTA Items. The AFDAS gauge locations were based on SLMP control points,
some of which later became DADTA Items or are close to DADTA Items. The table
below details the relationship between the AFDAS locations and equivalent/nearby
DADTA locations. Annex A summarises and compares the AFDAS gauge locations
with the relevant SLMP control points and DADTA Items. The diagrams in Annex A
have been extracted from References 4, 5 and 6.

AFDAS | Channel | Equivalent | Nearby DADTA
Gauge # DADTA Item
Location Item Location
Location
w1 0 86
w3 1 87,87a
W5 2 73
C1 3 136 159, 159a
C2 4 26,26a 27,29
FF1 5
\Y3 6 92a
VT4 7 41b
CE3 8 19 19a,19¢,20,20a,21
CF5 9 24a
AF2 10 36 37a
Nz 11

Notes:

1. DADTA item locations 41b, 73 and 87a were not included in the RAAF F-111C DADTA.

2. There are a total of 8 equivalent DADTA Item locations and 14 nearby locations, giving a
total of 22 locations, of which 19 were included in the RAAF F-111C DADTA.

21 Mature AFDAS Gauge and Equivalent DADTA Item Locations

A full DADTA study of the RAAF F-111 fleet is currently being performed by the
manufacturer in the USA, Lockheed Aeronautical Systems Company (previously
General Dynamics). The analysis is being performed for 71 parts/areas, using a
spectrum which is representative of RAAF service. The spectrum was developed by
processing the outputs from a parametric based flight data recording system known as
the Multi Channel Recorder (MCR).

The MCR system was fitted to four RAAF F-111s. It was a more sophisticated
fatigue load monitoring system than the counting accelerometer type "fatigue meters"
fitted to all F-111 aircraft. The same system was fitted to a sample of the USAF F-111
fleet to obtain the spectra used in the USAF SLMP and DADTA analyses. The MCR
system is now obsolete in both the USAF and the RAAF. The MCR operated by
recording 24 parameters (including accelerations, configuration data and flight
parameters such as altitude and airspeed) against a time base. MCR is a magnetic
tape based analogue recording system. The parametric data was processed firstly by
applying regression equations to obtain loads such as bending moments and shears,
and secondly by processing into specific control point stress histories.
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The AFDAS system monitors strain directly and processes the strain signal
according to a range-mean-pair counting algorithm. This procedure is shown in the
diagram below and is described in more detail in Reference 1. The strain signal can be
converted to a stress, thus giving an equivalent input to a fatigue analysis as the MCR
generated stress history.
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Range-mean-pair Representation of Strain History
(Reproduced from Reference 12)
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The AFDAS system has the potential to monitor eight of the DADTA items directly,
and a further nine may be feasible with a simple "scaling factor" applied to the data.
Monitoring of other locations may also be possible with more complex transfer
functions. Monitoring in terms of loads such as Wing Pivot Bending Moment
(WPBM) also appears feasible to some extent. This is possible because the load to
stress equation as given in Reference 12 for DADTA item 86 (for example) is a function
of WPBM only. '

Even those AFDAS gauge locations identified as nominally equivalent to DADTA
item locations require a scaling factor, albeit relatively simple, to convert the AFDAS
gauge output to a stress spectrum for the DADTA control point. This is because for
practical installation reasons the exact location of the gauge may be several millimetres
from where the DADTA stress spectrum is to be determined. Also, at the very least, a
conversion from strain to stress is required.

The process of identifying these scaling factors and transfer functions will be assisted
by locating strain gauges at appropriate locations on a full scale wing static load test
being conducted at AMRL. The results from previous tests (References 7 and 8) will
also be considered. The current round of testing will include various wing sweep
angles. This will be possible due to modifications being performed on the AMRL test
rig. The ability to test at various wing sweep angles and the fact that the outboard
section of the Wing Carry Through Box (WCTB) will then undergo representative
loading means that AFDAS gauge location C1, DADTA Item 136 (the WCTB lower
lug) will be gauged and monitored.

The results of this review of AFDAS gauge locations have therefore identified the
starting point for the transfer function and scaling factor development work. The
results also provide valuable data for the strain range review because a significant
activity in that task will be to relate the MCR derived stress spectrum for the DADTA
Items to an anticipated spectrum at the AFDAS gauge locations.

3. Specified Test Wing Gauges

As discussed in the previous section, a full scale wing static load test is to be
performed at AMRL. Strain gauges are to be located where possible at both the
AFDAS gauge and DADTA Item locations.

The relevant locations have been identified and gauges specified by me. Gauges will
be fitted and monitored at the following locations:

a. AFDAS gauge locations W1, W3, W5, W6 and C1.

b. DADTA item locations 73, 86, 87, 87a, 92a, 92b, 136, 159, and 159a.
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4. Co-ordination of AFDAS Data Gathering

The procedures for gathering, analysing and storing operational AFDAS data are not
adequately defined. Data is being collected from operational aircraft, but up until now
the data has not been analysed or examined in any way. Indeed the procedures
cannot be fully developed until the roles and uses of AFDAS are defined and
understood, and the data is known to be reliable and useful. A task was therefore
identified to co-ordinate the AFDAS data gathering and analysis process.

There are currently three AFDAS modified aircraft located at Number 6 Squadron,
RAAF Base Amberley, which have been producing data. They are the only aircraft
from which operational data has been extracted so far. Data extraction commenced in
August 1993. An outline of the current procedure is as follows:

a. The remote "End of Flight" switch is activated at the end of each flight, thus
causing the range-mean-pair tables to be stored in blocks of one flight.

b.  Once a month, a "download" is performed and the data is transferred to disks.

c.  One disk is produced for each aircraft and these are forwarded to ASI Section at
HQLC. The Squadron has the capability to interrogate and screen the data for -
errors, but so far they have not exploited this capacity fully.

All disks produced so far have been forwarded to AMRL for analysis and
investigation. The data has been examined and found to contain numerous errors
indicating both hardware and set up faults. The Squadron has been alerted to these
faults and given advice on the necessary corrective action.

The corrective actions were performed in May 1994 and the information from
subsequent flights has now been examined. The status of those flights is that
numerous errors still exist. Some of these errors are caused by inadequate strain range
settings. The other errors are due to the way the processing software handles a
particular characteristic of the hexadecimal data. The processing software is currently
being modified by Hawker de Havilland Victoria Limited (HDHYV), and the strain
range settings will be reviewed during the next phase of AMRL support work. These
actions are anticipated to result in good usable data being obtained.
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5. Development of a Correlation Procedure

AFDAS processing software developed by Hawker de Havilland Victoria Limited
(Reference 9) includes routines to screen the data for potential errors including the
following:

a.  Documentary data discrepancies including invalid tail number and dates/times.

b.  Errors in the hardware including amplifier errors, low battery voltage and strain
gauge errors.

c.  Checking the range pair data outputs providing warnings if there are counts in
the extreme windows, if there is an invalid range pair data structure (trough
higher than a peak), or if the counts in any window exceed a certain
predetermined value.

The data screening as described above is useful and necessary, but is very limited.
The checks described in sub paragraph (c) above are defined based on expected
theoretical outputs for a particular channel. For example, if the strain ranges have
been properly set, counts would not be expected in the extreme windows. However, a
method of checking the correlation of separate channels on the system both internally
and against some expected value was identified as being required. A method which
could be readily incorporated into a computer program would be the most practical
solution.

Reference 3 details a method of correlating two channels from AFDAS when the data
is presented in the form of two range pair tables. The idea is based on comparing the
frequency distributions from two different sources to check for correlation. For
example, one would expect to obtain good correlation between the vertical acceleration
channel (Nz) and a strain channel which is primarily driven by Nz. In the Reference 3
report, data from the Mirage is used, and a comparison is made between the Nz
channel and a strain gauge located on the wing main spar tension flange. Very good
correlation results were obtained.

The Reference 3 correlations were performed by comparing four distributions
obtained from the range-mean-pair tables; amplitudes, means, peaks and troughs.
Summing the occurrences along the diagonals parallel to the leading diagonal
produces the amplitude distribution, summing along the opposite diagonals produces
the mean distribution, summing vertically produces the peak distribution and
summing horizontally produces the trough distribution. The range-mean-pair tables
for the Nz and strain data from Reference 3 and a demonstration of the summing
procedure are shown in Figure 3. A check of the Nz range-mean-pair table against the
fatigue meter data is also possible by running the range-mean-pair data through a
fatigue meter logic algorithm.
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Ing lead diagonals prod occurrences of equal amplitude
(example shown has 39 occurrences with an amplitude of 2 levels)
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Figure 3: Range Mean Pair Tables from Reference 3 Data
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The Reference 3 correlation technique is based on the notion that even though a one-
to-one relationship between the load (Nz) and strain (jie) events cannot be extracted
from the AFDAS strain range mean pair tables, the exceedence distributions of the two
parameters should be similar. By comparing the two distributions, it is possible to
determine if a linear relationship (as expected) exists between the two.

The Reference 3 procedures involve manual plotting and correlating to produce a
final strain per g value. The same concepts have been used in a simplified procedure
as described in the following section. This procedure was designed! to be automated
so that it could be incorporated in a computer based screening system.

5.1 Simplified Correlation Procedure

Details of a simplified correlation procedure which has been developed are as follows:

a.  Sum the lead diagonals, opposite diagonals, horizontals and verticals of the two
range-mean-pair tables of interest, thus producing occurrence distributions based
on amplitudes, means, peaks and troughs.

b.  Express each occurrence as a percentage of the total.

c¢.  Working in order of increasing load/strain, determine the mid-point of the
current occurrence percentage at each load/strain level, cumulative with the
previous occurrence percentages. For each load/strain level there is, therefore,
one unique cumulative occurrence mid-point percentage.

d. Construct a table linking the cumulative mid-point percentages with the
load/strain levels from the two range-mean-pair tables, performing linear
interpolation as necessary to obtain one or other of the quantities.

e.  Plot the load/strain values obtained from (d) against each other on a linear scale
and fit a straight line to the result. The slope of this line is the quantity of
interest, for example strain per g (same as strain per Nz where Nz is in units of

lgl).

A complicating factor in the above procedure relates to the way the two channels to
be correlated are expected to behave. Where they are expected to act in the same
sense, that is an increase in one is expected to correlate with an increase in the other,
the procedure is performed exactly as discussed. If the converse is true, then the
range-mean-pair table must first be transposed before performing the comparison.
The transposition effectively swaps the peaks and troughs. Where the channels
operate in the same sense, a peak in one relates to a peak in the other, and a trough
relates to a trough. Where the two channels operate in opposite senses, a peak in one
relates to a trough on the other, so a transposition is required to one channel to allow a
valid comparison to be performed.

IThis work was performed in conjunction with the AMRL F/A-18 Life Assessment Task.
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This procedure has been applied to the Reference 3 data set. The results for the
amplitude distribution are shown in the tables and figure below. A similar exercise
was performed for the other three distributions and the results are shown at Annex B.

Strain versus Load Results Based on Amplitude Distributions from
Reference 3 Data

Load Occurrences | Cumulative Strain Occurrences | Cumulative
Amplitude Occurrences | Amplitude Occurrences
(g) Mid-point (pe) Mid-point
Percentages Percentages
0.391 39 16.53 143.75 24 13.48
0.781 21 41.95 287.5 25 41.01
1.172 20 59.32 431.25 16 64.04
1.563 16 74.58 575 13 80.30
1.953 8 84.75 718.75 6 91.01
2.344 6 90.68 862.5 3 96.07
2.734 3 94.49 1006.25 1 98.31
3.125 1 96.19 _ 1150 1 99.44
3.516 2 97.46
3.906 2 99.15
Cumulative | Load (g) | Strain (pe)
Occurrences
Mid-point
Percentages 1200
o [0 | aws | gty Sesmsis
4195 0.781 2934 £5 w}
59.32 1.172 401.8 gg ol
64.04 1.293 431.25 5
80.30 1.782 575 §S ot
74.58 1.563 524.4 2w} ¢
84.75 1.953 634.7 o )
90.68 2344 714.3 ' ' ‘ '
91.01 2378 |__71875 o o5 11 o3 38
94.49 2.734 817.6 Load Amplitude (g)
96.07 3.097 862.5
96.19 3.125 870.2
97.46 3.516 951.7
98.31 3.672 1006.3
99.15 3.906 1113.1

The simplified procedure has been implemented on a PC based computer program.
Features of the program include the following:

a. A parameter file is used to specify the strain/load ranges, expected correlation2
values, channels for comparison and whether transposition of one channel is
required. The file is customised as necessary to suit the particular aircraft type.

The program is applicable to any AFDAS aircraft.

2 Based on theory and/or separate testing and regression analysis.

13
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b.  The program computes the slope (strain versus g or strain versus strain) relating
to the four distributions (amplitudes, means, peaks and troughs) and provides
this slope, plus the average of the four, as the output. The results are compared
to an expected range of correlation values (a user input).

The program has been tested against the Reference 3 data and the results are shown
in the table below. This comparison shows that the program gives results identical
with the manual process. The program was then checked against a series of F-111
flights as described in the next section.

Comparison of Strain per g Results

Amplitudes Means Peaks Troughs Average

Reference 3 Results

347 346 359 - 381 358
Simplified Correlation
Procedure 252 350 314 313 307
(Manual)
Simplified Correlation
Procedure 252 350 314 313 307
(Computer Program)

Note: These figures were obtained by using the positive section only of the load/strain data.

5.2 F-111 Test Data

Pending the availability of good quality operational data, a test was performed using
F-111 AFDAS information from a series of flight trials performed in 1987. Nine flights
of information were available from Reference 10. These flights were examined at the
time and accepted as reliable and consistent.

For test purposes it was decided to run the program using the Nz channel and a
strain channel expected to be highly Nz sensitive. Channel 0 relates to AFDAS gauge
W1, which is located on the wing pivot fitting lower plate adjacent to fuel flow hole 58
in the centre web stiffener. This channel was compared with the C.G. acceleration (Nz,
Channel 11). From static strain survey results, an expected strain per g value could be
calculated. This varies with fuel burn, and for the F-111 on a typical mission a range of
400 to 600 microstrain per g was expected (a band of 200 microstrain that is per g).
This is based on strain survey results (Reference 11).

The strain per g results for the 10 flights from Reference 10 are presented in the
figure on page 15. A 200 microstrain per g band is plotted between 250 and 450
microstrain per g. The band was placed there to demonstrate that neglecting any
offset error which may be present, the variation between flights in strain per g is
generally less than the 200 microstrain per g band expected due to fuel burn. In
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particular, the average of the strain per g calculated by the four different techniques is
always within the 250 to 450 microstrain per g range. Flight three also stands out as
being significantly different to the others, certainly in terms of the amplitude
distribution, which may warrant further investigation to determine if there is anything
unusual about that flight or if there is an error somewhere. These results indicate that
it is feasible to set up an expected correlation range for particular channel comparisons
and use this as a check on the quality and consistency of the data.
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Strain per g for F111 Flight Trials
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6. Discussion and Conclusions

The progress so far on the current AMRL F-111 AFDAS support activity has been
summarised. The relationships between the current AFDAS locations to their SLMP
location origins and the current DADTA Items have been defined. AFDAS data
gathering activities have been reviewed and corrective actions initiated where
necessary. An inter channel correlation procedure has been developed and
demonstrated to be potentially effective as a data screening check.

All the activities to date have been focussed on increasing confidence in the F-111
AFDAS system by doing the following:

a.  Establishing why the gauge locations were chosen and how they relate to other
locations of importance for fatigue or structural life monitoring reasons.

b.  Eliminating operational errors and difficulties which decrease the integrity of the
data. '

c.  Developing new data screening procedures which check the data for
inconsistencies and invalid results.

It had originally been planned to review the current strain range settings and
develop transfer functions where required. These areas will be addressed as the task
progresses into the next phase, that is identifying readily implemented uses of the
AFDAS data.

The strain gauge location review work has revealed that many of the AFDAS
locations have directly equivalent and/or nearby DADTA Item locations. The
potential therefore exists to utilise AFDAS data to derive a stress spectrum for those
locations. The nature of the loads to stress equations for some of these locations is
such that it may be possible to also derive load spectra which could be compared to
the current load spectra assumed for the DADTA. It therefore appears, that the
AFDAS system will be able to provide useful information in terms of both loads
monitoring and specific control point stress/strain monitoring.
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Annex A

Comparison of AFDAS Gauge Locations with
Original SLMP Locations and DADTA Item Locations
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AFDAS Location: Wi
Channel: 0
SLMP Location: W1
Equivalent DADTA Location: 86
Nearby DADTA Location -
Figures:

Al: SLMP Location W1 (from reference 5)
A2: DADTA Item 86 (from reference 4)

A3: Location of AFDAS Gauge W1 (from reference 7)
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@Ving pivot fitting centre spar fuel flow hole

12W 476 pivot ftg
Iwr plate

@€ BHD No.1 trace at
INBD. chord plane (ref)

ouTBD
FORE Control point

(Fuel flow hole)
No.58

€ BHD Centre spar
No.1 (ref) l
1
{ S

ol

1.95 .20

Section A-A

Material: D6ac. H.T. 220-240 ksi-longitudinal grain direction
General dynamics control point:
(U.S.A.F. F111 SLM control point)

FIGURE A1. SLMP LOCATION W1 (FROM REFERENCE 5)
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DADAT ITEM 86

Wing pivot
fitting

K Probable Crack

Orientation
(Fore to Aft)
Lower plate
stiffener runout
probable area of
crack
Lower plate
2;%?::&6 area (Typical) Detail B
(Typical) Detail A

FIGURE A2. DADTA ITEM 86 (FROM REFERENCE 4)
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AFDAS Location:

Channel:

SLMP Location:

Equivalent DADTA Location:

Nearby DADTA Location

Figures:

A4: SLMP Location W3(from reference 5)
A5: DADTA Item 87 (from reference 4)

A6: DADT Item 87a (from reference 6)
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W3

W3

87,87a

Annex A




-A7- Annex A

@ Wing lower skin-to-pivot fitting splice-aluminum

upP

12W951 Lower skin

Control point
for hole 182
Refer to Ref:24

12W476 Lower plate

12W951 Lower skin Control point

5/8" Dia taperlok hole

Section A-A showing splice

NOTE: AFDAS Gauge W3 is located on the inner surface of the wing lower skin (12W951) In
line with and approximately four inches outboard of fastener hole#182.

FIGURE A4. SLMP LOCATION W3 (FROM REFERENCE 5)
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DADTA ITEM 87

Radial crack growth from
hole, any orientation but
most probable is FORE and
AFT direction.

Wing pivot
fitting
12W473
AFDAS

Gauge W3

1 2\lN951 ‘/7 ‘

LWR skin
Section A-A

AR
X\ \ S
88 - N \\‘
12W951 17117 Thia e 80

Lower skin 188 17“15 176 N, 178

NOTE: AFDAS Gauge W3 Is located on the inner surface of the wing lower skin (12W951) in
line with and approximately four inches outboard of fastener hole#182.

FIGURE A5. DADTA ITEM 87 (FROM REFERENCE 4)
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DADTA ITEM 87a

Wing pivot fitting lower plate
pivot fitting-to-lower wing skin splice
AFT spar area
12W476/ 12W504

Wing pivot fitting

Lower plate 12W476 / 12W504
5/8" dia Lower plate (steel)
taperlok hole . n
Assumed flaw i HE.
\\ (Typ) /S | |
/ 1 /
, l | I |
G- |
[To] s
8 _L‘ # OUTB'D WSt
k ) Lower skin
:Q _@_ 12W476 / 12W504
ﬂ f«—— Wing pivot fitting 0,206t
c ©) ©) lower plate -£J96=
View A-A

(Nuts removed for clarity)

FIGURE A6. DADTA ITEM 87a (FROM REFERENCE 6)
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AFDAS Location: W5
Channel: 2
SLMP Location: W5
Equivalent DADTA Location: 73
Nearby DADTA Location -
Figures:

A7: SLMP Location W5(from reference 5)
A8: DADTA Item 73 (from reference 4)

A9: Location of AFDAS Gauge W5 (from reference 5)
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@ Wing rear spar in access hole at R.S.S.190

12W904 AFT aux spar

R.S.S. 190

12W903 centre spar

Control point

— A 7]

Section A-A

FIGURE A7. SLMP LOCATION W5 (FROM REFERENCE 5)
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DADTA ITEM 73

R.S.S. 1984

Possible cracks
radiating from
fastener
holes, any
orientation

FIGURE A8. DADTA ITEM 73 (FROM REFERENCE 4)
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Rear spar @ R.S.S. 190

Location of
AFDAS gauge W5

UP

0-7"
L—* OuUTB'D

View looking FWD at AFT face
RH wing shown

FIGURE A9. LOCATION OF AFDAS GAUGE W5 (FROM REFERENCE 5)
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AFDAS Location: C1
Channel: 3
SLMP Location: | C1
Equivalent DADTA Location: 136
Nearby DADTA Location 159,159
Figures:

A10: SLMP Location C1(from reference 5)
A11: DADTA Ttem 136 (from reference 4)
A12: DADT Item 159 (from reference 6)

A13: DADTA Item 159a (from reference 6)

Annex A
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@ CTB lower forward corner radlus

12B12320

UP

FORE

‘\ ~—>» |«— A15 Ref

5.00R l |

.62(Rad.tan)
-38R Ref. T '

Control point

Cap.wing pivot _
support-lower Section A-A
12B12312

FIGURE A10. SLMP LOCATION C1 (FROM REFERENCE 5)
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DADTA ITEM 136

AFDAS gauge C1 located 2.5" outboard of the
vertical web and 1.03" AFT of the forward edge

of the WCTB lower lug
;;«—» > ' 1.00

A
; 0.65
4

Possible cracks
Primary area
(Min. length 3.0)

1.00 \ Tangency point
of 0.50 R (ref)

Section A-A
Typical area (lower corners)

FIGURE A11. DADTA ITEM 136 (FROM REFERENCE 4)




-A17- Annex A

DADTA ITEM 159
wing carry-thru box lower plate lug 12B7312

Area of highest
flight stresses

Reference line

FWD
parallel to AFT
| edge of CTB

INBD
« 10.5" R

50 l

—*—:" | —  —
0T "R\ 2.0 4

'T\
e o
1.59"
UP
Probable area of cracks

l (Radial crack growth, any orientation)

FIGURE A12. DADTA ITEM 159 (FROM REFERENCE 6)
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DADTA ITEM 159a
wing carry-thru box lower plate lug 12B12312

Area of highest
flight stresses

Reference line

FWD
parallel to AFT
| edge of CTB
INBD
P 10.5" >
< 5 OII > l
250" ] of S ]
N 20] " 1
1.59" T
uUpP '
Probable area of cracks
| (Radial crack growth, any orientation)
INBD

FIGURE A13. DADTA ITEM 159a (FROM REFERENCE 6)




AFDAS Location:

Channel:

SLMP Location:

Equivalent DADTA Location:

Nearby DADTA Location

Figures:

Al14: SLMP Location C2(from reference 5)
A15: DADTA Item 26 (from reference 6)
Al16: DADTA Item 26a (from reference 6)
A17: DADTA Item 27 (from reference 4)

A18: DATA Item 29 (from reference 6)
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C2

C2
26, 26a

27,29
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Reference stress:
@ Average net tensile stress
at outboard lug hole.
/——-s—-——.-‘_-
Wing carry thru
fitting 12B12320
Nacelle tie link
N (12B7901)
Bulkhead
12B2908
STA. 496
Bulkhead 12B2910 Assy.
CONTROL POINT
OUTB'D LUG, STB'D SIDE
425 .76 425
.50x.50 Cham. 0.6865 Dia. Hole —> >
(Type. 2 Places)
- || —
A
Fore 0.90 | ]
S Y. WL.191.150 G =" =1
71 1+ [ ] 38R Typ.
— 2\ U

Bulkhead
12B2908

Material: D6ac. steel, 220-240 ksi. H.T.

FIGURE A14. SLMP LOCATION C2 (FROM REFERENCE 5)
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Dadta item 26/26b
Nacelle fomer @ F.S. 496
Base of tie link lug (AFT, outside corner)
12B2910, 12B41210

A-A View looking down

Probable crack location
and orientation (Typical)

Nacelle
former

12B41210
Nacelle
former

Looking AFT

and Inboard 6880 . 1.80
left former 6865 == —{ .90 |« A f'\ok:r%ﬂlre
(Right opposite) A panel
Probable crack location .18 View rotated
(Any orientation) 4 19R clockwise
o\
—5f o e FWD INBD
Lug hole
(Typical)

FIGURE A15. DADTA ITEM 26 (FROM REFERENCE 6)

O
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DADTA item 26@
Nacelle former @ F.S. 496
Base of link lug (FWD, outside corners)
12B2910, 12B41210

Tie link lug BL 59.360
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708 R, 3, STTR it lny
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iy ! WL 99.6) r
t : P Y e
21 ASSUMED S8R } !ng
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T O+ - T I
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/1282908 E>0atarrr _ * ot Yo @
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12B41210

FIGURE A16. DADTA ITEM 26a (FROM REFERENCE 6)
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Dadta item 27

12B7912
Nacelle
support
link

Probable crack
location and
orientation
(Typical for lugs)

Probable crack
location and
orientation

AFDAS Gauge C2 located centrally on the inner
surface of the Nacelle tie link

FIGURE A17. DADTA ITEM 27 (FROM REFERENCE 4)
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Dadta item 29
Nacelle tie link support lug
12B7901

w -~

AN H 2
\ i E
c . f LT |2
< T | 8
|
¢ : 2
7]
N
-\ Assumed
< A D flaw
(Typ)
E < -
N
\< \
<7 \>~ 7 { ; ~ul !" )
t i T
Vo T} 1IL{[ _\3_‘1 "&ii Lg’
u \< \/ ?’ ..I
. L 4 e LE/
View C-C M ]

FIGURE A18. DADTA ITEM 29 (FROM REFERENCE 6)




AFDAS Location:

Channel:

SLMP Location:

Equivalent DADTA Location:
Nearby DADTA Location
Figures:

A19: SLMP Location FF1(from reference 5)

A20: Location of AFDAS Gauge FF1 (from reference 5)

-A25-

FF1

FF1
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Wing fuselage intersection
longeron, F.S. 448

Figure 3.9.0 Reference stress
Average net tensile
AFDAS Gauge FF1 stress across
B longeron section.
vo/‘-—__l.:::— =3 | - 1 ] !
.~ oo : '
< ﬁ - = -

12B1740

nL‘ =" " l ?E@Zﬂ'—

FS 364 Es3g23

Fsa207 LB
View looking INB'D
B.L
E E_ L a 19 Dia
_.-#ﬁiéﬂ“h—-‘ Hilock -
Y 1 I \— 1281740 Hiloo -{@_455

Control point — .27

—

- \ , :
~HeA Min. cross section
FS364 Fsa023 FS420.7 1 fore of STA. 448 0.234
FS 448
Section A-A Section C-C
Rotated 90° CW
- —-

12B1740 —//r

AFDAS Gauge FF1 is
located on the 12B1740
longeron approximately
four inches forward of
F.S. 448

> "‘?ﬁ. ’ —
\\ =—— Control point
N

\/ 12B1740 Longeron

FIGURE A19. SLMP LOCATION FF1 (FROM REFERENCE 5)
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Figure 3. 9. 1, Control point FF1

AFDAS Gauge FF1 location, 4" forward of FS448

Control point

12B1740 Longeron

FIGURE A20. LOCATION OF AFDAS GAUGE FF1 (FROM REFERENCE 5)
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AFDAS Location: Wé
Channel: 6
SLMP Location: N/A
Equivalent DADTA Location: 92a, 92b
Nearby DADTA Location -
Figures:

A21: Location of AFDAS Gauge W6 (from reference 4)

A22: DADTA Item 92a, 92b (from reference 6)
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DADTA ITEM 92A
AFDAS Gauge W6 is located on
the outer surface directly
above FFH 13

92a Assumed flaw

T
r 228
,——.A [}
SECTE-E a4
80 253
7T 209
AC ABes AB ACecs
g 4
f 2\-23 R Tvye
NG)
DETAIL AAos o
s shur Top surface
of plate
.30 92a Assumed flaw
\ (Surface flaw growing
- into plate @ point 24*)
ouTB’D i
\

.560

AFT Surface
of stiffener Chamfer (Typ)

92b Assumed flaw 0_2/\

(Surface flaw corner, surface,
into stiffner @ point 701%)

2.28

/€

Section thru
centre of FFH

—>0.2|<¢—

FIGURE A21. LOCATION OF AFDAS GAUGE W6 (FROM REFERENCE 4)
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Figure A

DADTA ITEM 92a, 92b -Cont'd

Top surface
of plate

.30 92a Assumed flaw
\ (Surface flaw growing
into plate @ point 24*)
ouTB’D

AFT Surface

of stiffener Chamfer (Typ)

92b Assumed flaw 0.2 \

(Corner, surface, edge growing
into stiffner @ point 701%)

43

Siad

Section thru
centre of FFH

FIGURE A22. DADTA ITEM 92a, 92b (FROM REFERENCE 6)




AFDAS Location:

Channel:

SLMP Location:

Equivalent DADTA Location:

Nearby DADTA Location

Figures:

A23: SLMP Location VT4 (from reference 5)

A24: DADTA Item 41b (from reference 6)

-A31-

41b
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.

Upper bolt row in skin at the pedestal splice at F.S. 770.25

AFDAS Gauge VT4

Control point 127310

34" Dia.
bolt {\ : ()

W.L.203.78

W.L.201.73

FS. FS. FS. Section A-A
767.60 769.95 772.30

AFDAS Gauge VT4 is
located approximately 2"
above and in line with
the centre and upper

WL 203.78

12T310 Skin

Sta 776_250 Control point

W.L.203.07 !

FIGURE A23. SLMP LOCATION VT4 (FROM REFERENCE 5)

Annex A

fastener at FS 769.95 and
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DADTA ITEM 41b
Vertical stabilizer attach lugs @ 770.25
lower row of bolts holes
12B10520

FS 786.5

FS 770.25

5 Looking inboard
m,  left side

Possible cracks
radiating from
FS 770.25 bolt holes in a

horizontal plane

Bolt pattern layout
6.64

Y

.97R

97 le—
WL 201.73
@ @ Lo wez0173
\ \ Assumed flaw

2.05

751 Dia
[ t = 245"
2.35 e 2.35 g

FIGURE A24. DADTA ITEM 41b (FROM REFERENCE 6)
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AFDAS Location: CF3
Channel: 8
SLMP Location: CF3
Equivalent DADTA Location: 19

Nearby DADTA Location 19a, 19¢, 20, 20a, 21

Figures:

A25:

A26:

A27:

A28:

A29:

A30:

A3l:

A32:

SLMP Location CF3 (from reference 5)
SLMP Location CF3 (from reference 5)
DADTA Item 19 (from reference 4)
DADTA Item 19a (from reference 6)
DADTA Item 19c¢ (from reference 6)
DADTA Item 20 (from reference 6)
DADTA Item 20a (from reference 6)

DADTA Item 21 (from reference 6)

Annex A
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/ Control point
y _Longeron

i 12B10529

FS 593.0
FS 562.0

FS 531.0
FS 496.0

Reference stress:
Average net tensile
stress in top longeron
flange.

See illustration of FS 593.0

overwing longeron
splice for fasteners

Splice
12B1857
Longeron
12B1891
Control point
Failure of Longeron
Ref. FZS-12 -328 Pt 3
(Reference No.66)

Cap strip

Splice plate 12B10529

12B1852

FIGURE A25. SLMP LOCATION CF3 (FROM REFERENCE 5)




@

STA. 568

Hole# Fastener 1076

-A36- : Annex A

/ Area of longeron splice

Longeron
1281891

L STA. 581

' Control point
FORE - OouTBD
Skin
BL 17.66 '
o % o/
A >
UZ L
Ref axis ‘ n _ ?
80 D e S
-] .
W.L 207.5 ___L ] .328 Hole Dia.
20 Gauge CF3
Longeron 12B1891
upper flange
W.L 205.64 T NA NA
JF"L-’

NOTE: AFDAS Gauge CF3 is located on the bottom face of the upper
flange of the 12B1891 longeron, mid way between holes 1076 and
1077, approximately 0.5" inboard from the vertical web.

FIGURE A26. SLMP LOCATION CF3 (FROM REFERENCE 5)
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DADTA ITEM 19

Typical bolt hole

2089 m— ;o 2090
2074 = 2088 « ||~ 2091
2073, ] 20874} |||~2092
2072 | | 20861 |}({2085
/U:"-" >
w12
0 | ;’L 2084 FS 581.0
=5 |Ls0ea 1085—
‘l 2082 1084 ==
2081 1083 =
2080 1082
1081

longeron

Right upper
longeron

1092

Note: AFDAS Gauge CF3 is located on the bottom face of the upper
flange of the 12B1891 longeron, mid way between holes 1076 and
1077, approximately 0.5" inboard from the vertical web.

FIGURE A27. DADTA ITEM 19 (FROM REFERENCE 4)
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DADTA ITEM 19a
Overwing longeron
Upper flange @ F.S. 531
12B1891

12B1891

Upper fuselage
/ contour ref
e

.Tzrio 188 IBL 1766 Refo
l {; : ..75
Ref =
? ;j 176
Assumed flaws (Typ)_/ l'—l

-1 .200

!
250
Ref | L
° k‘F - 1‘.159 Ref
L

1.10 ' Contour Ref

Section @ 537.25

FIGURE A28. DADTA ITEM 19a (FROM REFERENCE 6)
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DADTA ITEM 19¢
Overwing longeron
Hole in lower flange @ F.S. 532.8
12B1891

FS 581.0

|

Right upper
longeron

Left upper
longeron

FS514.6

FIGURE A29. DADTA ITEM 19¢c (FROM REFERENCE 6)
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DADTA ITEM 20
Overwing longeron
Hole # 1070 (LHS) and 2070 (RHS) near F.S. 559
12B1891

FS 581.0

Right upper

longeron Typical bolt hole

Left upper
fongeron

FIGURE A30. DADTA ITEM 20 (FROM REFERENCE 6)
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DADTA ITEM 20a
Overwing longeron
Hole # 1054 (LHS) and 2054 (RHS) F.S. 532
12B1891

FS 581.0
FS 532.0

2068

Left upper
longeron

Right upper
longeron

FS 632.0

FIGURE A31. DADTA ITEM 20a (FROM REFERENCE 6)
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DADTA ITEM 21
Overwing longeron
Fastener hole near F.S. 496
(First 1/2" Dia bolt hole FWD of F.S. 496)
12B1891

AFT centre fuselage
upper structure

Wing pivot support fitting

2111
mgog 2101 21025103109121“1)?15 21172119
7 2099 {2103
| 1 I IJ 1 l /’/12121

=%
r A
O —1 e o . | mm————————
T I l P I\ i&zm
209 2098  }2102 21062 2110 {2114 2118
1

2095 2100 2104 2108 2112 2116

1095 1102 1106 1110 1114 1118
1093 | 1098 1100 1104' 1108 111271116 7
| | ! 1] | ZALs

> 11
,_aﬁ '3 P 9 * hd h A SN
R 101 105 11109 hi13 aaiey 121
1094 1097 110111105 11109 1113 \1117
1096 1099 1103 1107 1111 1115 1119

BL 17.66
12B1891 Longeron

Possible cracks
any orientation

12B12311
CTB upper plate

]
['T' R E
[y Ly ¥ }
T I
A
Section @ bolt holes Section A-A
(Typical)

FIGURE A32. DADTA ITEM 21 (FROM REFERENCE 6)




AFDAS Location:

Channel:

SLMP Location:

Equivalent DADTA Location:

Nearby DADTA Location

Figures:

A33: SLMP Location CF1 (from reference 5)
A34: SLMP Location CF1 (from reference 5)
A35: SLMP Location CF1 (from reference 5)
A36: DADTA Item 24a (from reference 4)

Special Comments:
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CF5

CF1

24a

Annex A

This location appears to have been renamed CF5 from CF1 at some stage. The AFDAS
gauge is located adjacent to a hole which is described as hole #253 on the AFDAS
drawing (CAC Drawing #EX379040), but appears to be hole #450 according to FZS-12-
5018, PAGE 3.7.14. The CF1 control point was to monitor hole #226 originally, but this
was deleted in May 1978 and replaced by hole #223. DADTA item 24a refers to hole

#226.
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Control point

Support insert
1281844 Longeron
Plate

Former

Former

Support Assy

Longeron

FORE

Control point
Hole 328
5/8" Dia. hole

000 0e o

® s 00049

*

taper-lock

Former
12B2907

FIGURE A33. SLMP LOCATION CF1 (FROM REFERENCE 5)

Annex A

Beam Assy
Splice
Longeron Assy
Former

Reference stress
Average net tensile
stress at section
through bolt hole 328.

Splice /
Flange Ref. Hole #244, Pg.3.7.14




Control point CF1
STA. 496 Former

Hole# 253 according to
AFDAS Dwg. EX379040

1
{

BL 30.00

View Lkg. FWD.
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"
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N
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A3, c1easLt | Beo XS
(o]
A4, C5089L S l
A3, C1775L =
®| A4, C5090L
A3, C1785L

View Lkg. OUTB'D.

NOTE: AFDAS Gauge CF5 is located in an equivalent position to Gauge
A4 C5080L, and is approximately 1.6" AFT of the web which
attaches to the rear of the WCTB.

FIGURE A34. SLMP LOCATION CF1 (FROM REFERENCE 5)
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Control point CF1
P Equivalent to AFDAS Gauge CF5

BL 30.87 ‘
; .
7/ B (I // —
C5080L ~—(C5082L
A4 - A4
- STA. 496.0 -
\
)) ' % C5081L
Ad
Sect. GG
|
Sect. NN
EFF. Area = 4.45in.2
6.00
2.000 —te—2.000
1.000 o~ l Typ. , 230
~a0° Fi
t 90 noiné!:F. 7 [“" 4 GO!Typ
, - L 0ose Rer
:efs OUTBD
250 ' j ‘t
1.000
Typ. E— 2.650 FWD
A4 C5090L
Sect. LL A3 C1785L
A3 C1 845L Effective area = 3.07"2 Ad CSOSQL
A3 C177SL

FIGURE A35. SLMP LOCATION CF1 (FROM REFERENCE 5)
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DADTA ITEM 24A

Assumed flaw

FIGURE A36. DADTA ITEM 24A (FROM REFERENCE 4)
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AFDAS Location: AF2
Channel: ‘ 10
SLMP Location: AF2
Equivalent DADTA Location: 36
Nearby DADTA Location 37a
Figures:

A37: SLMP Location AF2 (from reference 5)
A38: DADTA Item 36 (from reference 4)

A39: DADTA Item 37a (from reference 6)
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Bulkhead 770.25 horizontal tail
pivot shaft

Annex A

F.S.770.25

12B10615

Control point

0.938" Dia. hole

AFDAS Gauge AF2 3.6" below
1.445" Dia. blend

horizontal tail pivot shaft

2.005" Dia. blend

FIGURE A37. SLMP LOCATION AF2 (FROM REFERENCE 5)
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DADTA ITEM 36

Possible crack

locations \
--

Possible crack <S>

location
any orienation

View looking inboard: upper and
lower post base (Right side)

NOTE: AFDAS Gauge AF2 is located approximately 3.6" below the

horizontal tall pivot shaft.

FIGURE A38. DADTA ITEM 36 (FROM REFERENCE 4)
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DADTA ITEM 37a
Bulkhead assy @ F.S. 770.25
Horizontal tall pivot shaft @ B.L.67.56
12B10521, 12B10615, 12B10809

12B10521-17/-18
12B10615-ALL
12B10809-ALL

B.L.67.56

Horizontal tail
pivot shaft

Flaw located @ Top

of shaft, sensitive

to positive symmetric

manoeuvres; Bottom
5.625 OB— sensitive to negative

symmetric manoeuvres
4.52 ID —
L
e |
R S 1 ‘ Asurface
B.L.67.56 Section @ B.L.67.56

common to all MDS
except F-111A 1-30

FIGURE A39. DADTA ITEM 37a (FROM REFERENCE 6)

Annex A

Assumed flaw,
top or bottom,
inner or outer
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Annex B

Mean, Peak and Trough Calculations
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Mean Load “g"| Occurrences Cumulative Mean Strain Occurrences Cumulative
Occurrences "pe" Occurrences
Mid-point % Mid-point %
-0.075 2 0.85 -1006.3 1 0.56
0.316 3 2.97 -862.5 0 -
0.706 16 1102 -718.75 0 -
1.097 12 22.88 -575 0 -
1.488 23 37.71 -431.25 1 1.69
1.878 21 56.36 -287.5 0 -
2.269 23 75 -143.75 1 2.81
2.659 10 88.98 0 1 3.93
3.05 6 95.76 143.75 4 6.74
3.441 0 - 287.5 11 15.17
3.831 1 98.73 431.25 7 25.28
4.222 0 - 575 18 39.33
4.613 1 99.58 718.75 21 61.24
- - - 862.5 17 82.58
- - - 1006.25 7 96.07
% Mean Mean
Load (g) | Strain (ps)
085 | 0075 | -858.68
169 | 00799 | -431.25
2.81 0.287 | -143.75 1o
297 | 0316 | -123.21 § 1000,
3.93 0.363 0 g
6.74 0.499 143.75 s M
11.02 | 0.706 216.73 e 60
15.17 | 0.843 287.5 E o
22.88 | 1.097 397.13 @
2528 | 116 | 43125 § 20
3771 | 1488 | 55843 = Lz . ,
3933 | 1522 575 0 o5 1 15 5 25 5
56.36 | 1878 686.73
6124 | 198 | 71875 MenLoal('g)
75 2.269 811.44
82.58 | 2481 862.5
88.98 [ 2.659 930.7
95.76 3.05 1002.95
96.07 | 3.132 | 1006.25

Strain versus Load Results, Based on Means Distribution from Reference 3 Data

35
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Load Peak “g" | Occurrences Cumulative  |Strain Peak "ue"| - Occurrences Cumulative
Occurrences Occurrences
Mid-point % Mid-point %
1.488 15 6.36 0 2 1.12
2.269 30 25.42 575 13 9.55
3.05 25 48.73 862.5 16 25.84
3.831 21 68.22 1150 33 53.37
4.613 13 82.63 1437.5 11 78.09
5.394 9 91.95 1725 14 92.13
6.175 5 97.88 i - -
% Peak |Peak Strain
Load(g) | (pe) 180
6.36 1.488 357.4 ,é\ 1600 1 Slope =314 microstrain per g
955 | 1619 575 5 10
2542 | 2269 | 855.1 § 10
2584 | 2.283 | 862.5 S, 1
4873 | 305 | 11015 .g %03
5337 | 3.236 | 1150 g
6822 | 3831 | 13227 | 3§ | .
78.09 | 4.367 1437.5 - , ,
82.63 | 4.613 | 15305 0 ) ) 3 4 s s
91.95 | 5394 | 17213 ,
92.13 | 5.418 | 1725 FeekLoad (g)

Strain versus Load Results, Based on Peaks Distribution from Reference 3 Data
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Trough Peak “g"| Occurrences Cumulative Trough Peak Occurrences Cumulative
Occurrences "ue" Occurrences
Mid-point % Mid-point %
-1.638 6 2.54 -1725 1 0.56
-0.856 6 7.63 =575 3 ] 2.81
-0.075 3 11.44 -287.5 7 8.43
0.706 48 33.05 0 3 14.04
1.488 42 71.19 287.5 29 32.02
2.269 10 93.22 575 40 70.79
3.05 1 97.88 862.5 6 96.63
3.831 2 99.15 - - -
% Trough | Trough
Load (g) | Strain (pe)
1000
2.54 | -1.638 713 RS T ——— -
2.81 -1.597 -575 5 00 4 °
7.63 -0.856 -328.4 g 70
8.43 -0.692 -287.5 -4 :‘;‘; )
1144 | 0075 | -1332 T w0
14.04 0.019 0 % 300
32.02 0.669 287.5 E 200 1
33.05 | 0.706 295.1 ”
70.79 1.48 575 0.5 1 15 2 25 3
71.19 1.488 579.5 Trough Load ("g")
93.22 2.269 824.6
96.63 2.8405 862.5

Strain versus Load Results, Based on Troughs Distribution from Reference 3 Data




F-111 Aircraft Fatigue Data Analysis System (AFDAS) in Service Development
Progress Report Number One

K. Walker
DSTO-TR-0118
DISTRIBUTION
AUSTRALIA
DEFENCE ORGANISATION

Defence Science and Technology Organisation

Chief Defence Scientist }

FAS Science Policy shared copy

AS Science Corporate Management

Counsellor Defence Science, London (Doc Data Sheet only)
Counsellor Defence Science, Washington (Doc Data Sheet only)
Senior Defence Scientific Adviser (Doc Data Sheet only)
Scientific Advisor Policy and Command (Doc Data Sheet only)
Navy Scientific Adviser (Doc Data Sheet only)

Scientific Adviser - Army (Doc Data Sheet only)

Air Force Scientific Adviser

Aeronautical and Maritime Research Laboratory
Director
Library Fishermens Bend
Library Maribyrmong
Chief Division
Author: K. Walker
L.RF. Rose
K.C. Watters
L. Molent

Electronics and Surveillance Research Laboratory
Main Library - DSTO Salisbury

Defence Central

OIC TRS, Defence Central Library

Document Exchange Centre, DSTIC (8 copies)

Defence Intelligence Organisation

Library, Defence Signals Directorate (Doc Data Sheet Only)

Air Force

HQ Logistics Command (DGELS)
CLSA-HQLC

ASI1-LSA (2 copies)
ASI2-LSA (2 copies)




HQ ADF
Director General Force Development (Air)

Statutory and State Authorities and Industry

Civil Aviation Authority
Hawker de Havilland Aust Pty Ltd, Victoria, Mr P. Garrick
British Aerospace Australia, Mr V. Rientals

SPARES (9 COPIES)

TOTAL (40 COPIES)




AL 149 DEPARTMENT OF DEFENCE PAGE CLASSIFICATION

UNCLASSIFIED

DOCUMENT CONTROL DATA PRIVACY MARIING

1a. ARNUMBER 1b. ESTABLISHMENT NUMBER 2. DOCUMENT DATE 3. TASK NUMBER
AR-008-992 DSTO-TR-0118 JULY 1995 AIR 94/116
4. TITLE 5. SECURITY CLASSIFICATION 6. NO.PAGES
(PLACE APPROPRIATE CLASSIFICATION
F-111 AIRCRAFT FATIGUE DATA IN BOX(S) IE. SECRET (S), CONF. (C) 81
ANALYSIS SYSTEM (AFDAS) IN SERVICE | RESTRICTED R), LIMITED (L),
DEVELOPMENT PROGRESS UNCLASSIFIED (U) ).
REPORT NUMBER ONE 7. NO. REFS.
U U U
12
DOCUMENT TITLE ABSTRACT
8. AUTHOR(S) 9. DOWNGRADING/DELIMITING INSTRUCTIONS
K. WALKER Not applicable.
10. CORPORATE AUTHOR AND ADDRESS 11. OFFICE/POSITION RESPONSIBLE FOR:
AERONAUTICAL AND MARITIME RESEARCH RAAF-LC
LABORATORY .
AIRFRAMES AND ENGINES DIVISION SPONSOR
PO BOX 4331 -
MELBOURNE VIC 3001 AUSTRALIA SECURITY
DOWNGRADING
CAED
APPROVAL

12, SECONDARY DISTRIBUTION (OF THIS DOCUMENT)

Approved for public release.

OVERSEAS ENQUIRIES OUTSIDE STATED LIMITATIONS SHOULD BE REFERRED THROUGH DSTIC, ADMINISTRATIVE SERVICES BRANCH, DEPARTMENT
OF DEFENCE, ANZAC PARK WEST OFFICES, ACT 2601

13a. THIS DOCUMENT MAY BE ANNOUNCED IN CATALOGUES AND AWARENESS SERVICES AVAILABLETO....

No limitations.

14. DESCRIPTORS 15. DISCAT SUBJECT
Aircraft fatigue data analysis system CATEGORIES
F-111 aircraft 0103

Strain measurement

16. ABSTRACT

The Aircraft Fatigue Data Analysis System (AFDAS) is a twelve channel, strain based fatigue data
collection and analysis system. The RAAF have recognised that AFDAS offers significant potential
improvements over fatigue meters and parametric based systems for the purpose of fatigue
monitoring and structural integrity management. It has therefore been implemented on a number
of aircraft types, including the F-111.

The system does however require further development and refinement. AMRL was requested by
the RAAF to provide assistance and advice on the F-111 AFDAS installation. This report details
the progress made so far on the current AMRL F-111 AFDAS support activity. The activity has
included aspects which are unique to the F-111 and also some with general applicability to the
AFDAS installation on other aircraft types.




PAGE CLASSIFICATION T

UNCLASSIFIED

PRIVACY MARKING

THIS PAGE IS TO BE USED TO RECORD INFORMATION WHICH IS REQUIRED BY THE ESTABLISHMENT FOR ITS OWN USE BUT WHICH
WILL NOT BE ADDED TO THE DISTIS DATA UNLESS SPECIFICALLY REQUESTED.

16. ABSTRACT (CONT).
Significant progress has been made in the following areas:

a. Establishing why the strain sensor locations were chosen and how they relate to other locations
of importance for fatigue or structural life monitoring reasons.

b. Eliminating operational errors and difficulties which decrease the integrity of the data.

c. Developing new data screening procedures which check the data for inconsistencies and
invalid results.

17. IMPRINT

AERONAUTICAL AND MARITIME RESEARCH LABORATORY, MELBOURNE

18. DOCUMENT SERIES AND NUMBER 19. WA NUMBER 20. TYPE OF REPORT AND PERIOD COVERED

DSTO Technical Report 0118 20 236D

21. COMPUTER PROGRAMS USED

22, ESTABLISHMENT FILE REF.(S}

M1/9/21

23. ADDITIONAL INFORMATION (AS REQUIRED)




