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FOREWORD

[his Full Scale Test and Field Aircraft Instrumentation Fatigue Sensor
Evaluation Program was conducted by the Cessna Aircraft Company of Wichita,
Kansas under Air Force contract no. F33657-71-C-0163. The contract was
initiated under project A-37B (335A) "A-37B Final Fatigue Program' and
lask no. P0O0026.

The program from initiation through the issuance of Cessna Report
318E-7419-039, "Fatigue Sensor Evaluation Program - Interim Full-Scale
Fatigue Test and Field Aircraft Instrumentation Report," was supervised
and directed by Robert W. Walker, Group Leader. This report which is an
extension of the previous work to include final field data measurements,
was prepared by John Y. Kaufman, Design Engineer. This project was initiated
by Aeronautical Systems Division, Wright-Patterson Air Force Base, Ohio, and
was administered under the co-ordination of Richard C. Culpepper (ASD/SD27MS)
Aircraft Structural Integrity Program Manager, A-37B.

The interim report covered the results obtained from fatigue sensor
installations on a full scale fatigue test and various field installations
and compares these results with predictions based on a known load spectrum.
The additional field data contained in this report confirms the trends
established in the earlier report.

I'his report covers work conducted from July, 1971 until January, 1976.
It was submitted by the author in November, 1976.

Publication of this report does not constitute Air Force Approval
of the reports' findings or conclusions. It is published only for the
exchange and stimulation of ideas.
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SUMMARY

Commercially available fatigue sensors have been evaluated for
application to aircraft structural fleet monitoring by the on going A-37
ASIP programs. The final full-scale wing and carry-thru fatigue test and
sixteen operational A-37 field aircraft have been instrumented with Micro-
Measurement FM fatigue sensors and response evaluated in terms of structural
fatigue severity.

lhese installations were made prior to the availability of the
currently used data analysis methods (see Reference 1), and were designed
only for longevity and adequate response. The results, therefore, consist
only of relative severity indications. None the less, the basic program
objective of evaluating reliability, longivity, and feasibility of
application in operational aircraft has been met.

Fatigue sensor response from the fatigue test was compared to
field aircraft response for development of severity of usage trends. These
trends were compared to measured strain history/fatigue damage data from
the mechanical strain gage. Comparisons indicate fatigue sensor
response trends are compatible and consistent with measured strain history/
fatigue damage trends for both the full scale test and operational field
aircraft.

The fatigue sensor application to aircraft structural fleet
monitoring shows promise (this promise is further amplified in Reference 1).
Fatigue sensor structural usage trends have been compatible with other
available fleet monitoring data, and field aircraft instrumentation and
long term data collection have been accomplished with minimum aircraft
dowd’imc/uscr impact.

RECOMMENDATIONS

1. Install fatigue sensors suitable for the data analysis methods of
Reference 1 on a sample of USAF Continental United States' aircraft,
preferably aircraft with operative Life History Recorder and/or

e Mechanical Strain Recorder installations. Apply the data analysis

methods and compare results with Life History Recorder and Mechanical

Strain Recorder results for field verification and application

ref inement.

Reference 1. - "A~37B Fatigue Sensor Data Analysis Methodology Program'",
Aeronautical Systems Division Technical Report ASD-TR-75-42, October 1975,
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SECTION 1

INTRODUCTION AND DISCUSSTON

A INTRODUCTION

This report presents the work effort and results of the
Fatigue Sensor Evaluation program on the A-37 final full-scale fatigue
test and operational field aircraft. Thirty—-six months of data collection
and analvsis are covered by this report. This work was conducted per
requirements of Reference 2 and under the authorization of Contract
F33657-71-C-0163, P00037 and P00026.

This report is organized into six sections and two appendices.
Section I contains the introduction and discussion and Section Il describes
full-scale fatigue test instrumentation and data analysis. Sections III
and TV discuss field aircraft instrumentation using new FM fatigue sensors
and Reference 3 original fatigue sensors on the lower wing spar. Section V
contains landing gear instrumentation of field aircraft. Section VI
describes the installation of sensors on the forward banjo fitting of LHR
aircraft and Section VII provides a program summary of results and conclu-
sions. Appendix A documents fatigue sensor data collected from both the
fatigue test and field aircraft. Appendix B presents measured strain
spectrums used to predict fatigue sensor response.

Fatigue sensors were installed and data collected at eight
locations on the final full-scale wing and carry-thru fatigue test, at
one wing location on sixteen operational A-37B aircraft and on the landing
gear of two aircraft to evaluate the feasibility of sensor application to
aircraft structural fleet monitoring. In addition, the forward banjo
fittings of six new production aircraft were instrumented late in the
program. Micro-Measurement FM @ fatigue sensors were used for all
instrumentation based on results of the Initial Evaluation Program (Reference
3) and Laboratory Test Program (Reference 4).

Full-scale test data were used to form calibration response
(response to a known loading) for comparison to operational aircraft response
as a measure of severity of usage. Usage severity trends developed for the
data collection period are presented by this report.

Reference 2. — "Fatigue Sensor Fvaluation, Final Fatigue Program', Cessna
Report 318E-6918-213K, 2 June, 1972.

Reference 3. - "Program for Fvaluation of Annealed Foil Fatigue Sensors,"
Final Report, Cessna Report 318E-7219-029, 30 June 1972.

Reference 4. - "Fatigue Sensor Fvaluation Program - Laboratory Test Report,"
Aeronautical Systems Division Technical Report ASD-TR-75-33, October 1975.

8 M Sensor - Trade name of a fatigue life gage assembly which contains a

load and temperature compensating strain gage, and a mechanical strain

amplifier.
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Predictions of fatigue sensor response are made for both the
full-scale test and field aircraft using measured load spectra. These
predictions are compared to actual response for correlation of fatigue
sensor data with the measured spectra.

B DISCUSSTON

Fatigue sensor application to aircraft structural fleet
monitoring continued to show promise:

a) Long term data collection is possible with minimum effort
required; consistent data trends have been indicated for
1,000 hours operation on individual aircraft.

b) Field aircraft instrumentation and data collection caused
minimum aircraft downtime and produced no burden on users.

¢) Fatigue sensor usage severity trends are consistent and
compatible with measured strain history data on both full-
scale test and operational aircraft.
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SECTION 11
FULL-SCALE TEST CALIBRATION
A INTRODUCTION

Fatigue sensors were installed, as shown in Figure 1, at six
critical structure areas of the A-37 Final Full-Scale Wing and Carry-Thru
Fatigue Test conducted per Reference 5 test plan. Sensors were monitored
periodically during the test and resulting data were compiled to form
calibration curves for each critical location. The calibrated test response
at a given structure location forms a baseline for a comparison of fatigue

sensor response at the same structure location on operational field aircraft.

B FATIGUE SENSOR INSTALLATION

Fatigue Sensors were installed near suspected critical structure
locations based on results of fatigue analysis, previous fatigue tests
(Reference 3), and engineering judgement. Six structural areas and eight
sensor locations were selected for instrumentation as listed by Table 1 and
Figure 1. Two sensors were installed per critical location on the RH and
LH sides of the structure. In addition, Micro-Measurement TG temperature
sensors were installed adjacent to sensor location #4 on the RH and LH front
spar to monitor Structure temperature for each fatigue sensor reading. The

data collection panel/Vishay indicator (Figure 3) were used to read
temperature sensors. The Micro-Measurement FM fatigue sensor was used for
all installations; previous evaluation programs (References 3 and 4) have
indicated the suitability of the FM sensor for this application. Fatigue
sensors were installed per manufacturer's instructions (Reference 6) and
using techniques described in Reference 4. Micro-Measurement M-16 adhesive
was used for all installations. Figure 2 shows a photograph of a typical
installation.

Four sets of fatigue sensor installations were made during the
fatigue test as noted by Table 1. These installations coincided with test
start and major test inspections. Several sensor installations were replaced
with adjusted multipliers to achieve desired calibration response.

Reference 5. — Cessna Report 318E-7016-165, "Final Full-Scale Wing and
Carry-Thru Fatigue Test', dated 20 August 1973.

Reference 6. - Micro-Measurement Instruction Bulietin B-142, "FM Series
Multiplier and M Bond M-16 Cement Application Instruction'", dated 2 February
1972.
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SENSOR 3R

Figure 2
Inboard Front Spar Installation
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Location #7 was added during the second installation to provide coverage
of the rear spar structure. Location #8 was added to duplicate the field
aircraft installation.

c PREDICTED RESPONSE

Initial predictions to select multipliers (before test start)
were made using a preliminary strain spectrum, Final predictions shown
by this report used measured strain spectrums based on a range pair type
cycle count of measured sequential strain peaks.

i Test Spectrum Description
The full-scale test was cycled under a flight-by-flight spec-
trum loading which was applied on a repeating time block basis. One time

block consisted of:

a) 500 individual simulated flights

<

o

b) 505.3 simulated flight hours
c) 31044 applied cycles
d) 5 test load configurations

Seventy blocks were applied for a total of 35371 test hours (8843 safe life),
or 35,000 flights.

NOTE: A complete description of the test spectrum organization
e is presented by Reference 5 and the strain exceedance data is included in
Appendix B of this report.

N

Strain Transfer Function

The available strain load spectrum for each critical location
was based on net strain at a control point, Fatigue sensor response pre-
dictions used a transfer function to adjust control point strain to the
fatigue sensor location. Figure 4 summarizes transfer functions used at
the lower front spar, W.S. 55.16., Transfer functions for all sensor pre-
dictions are listed as follows:

T, TP W s W e ey R v S —— s




SENSOR_LOCATION CONTROL_POTINT TRANSFER FUNCTION
i1 No prediction ———
#2 Wesa 55,16 .15
#3 W.5. 55.16 1.00
#4 No prediction i
#5 WS G50 1.00
#5 @ W.8. 91.50 0.67
#6 No prediction T
#7 No prediction ~——-
#8 Wl 5516 108

Transfer functions were developed using fatigue sensor strain
gage element and/or conventional strain gage readings at the instrumented
location versus the measured control point strain. Figure 5 shows develop-
ment of the strain transfer from WS 55.16 to location #8 using strain
gage data.

3 Multiplier Setting

The effective FM multipliers developed by Reference 4 laboratory
tests were used for response prediction calculations:

Nominal Eff Multiplier
Mult Value (Ref 4, Fig 7-2)
250 2.62
3.5 3,42
4.0 4,10 (est)

4 Calibration Data

The constant amplitude calibration data developed by Reference 4
laboratory tests for the FM fatigue sensor were used for response prediction
calculations. Data shown by Table 18, Reference 4 were input to the response
prediction computer program (mean strain assumed zero).

D DATA COLLECTION

1 Data Collection System

Lead wires from individual fatigue sensors were routed to a
data collection panel in front of the test article (Figure 3). This
data collection panel was developed for Reference 4 laboratory tests, and
was designed specifically to read FM fatigue sensors and TG temperature
sensors with minimum effort and possibility of error. The data collection

a8 - Followine atructural beef-up at W.S. 91.50.
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panel contained a switch position for each fatigue sensor and a zero
reference (Micro-Measurement S-100-05 precision resistor) for the initial
zero adjustment of the readout indicator (Figure 3). In addition, another
switch selected the composite sensor (half bridge readout), the fatigue
sensor element, or the strain gage element of the FM sensor, as well as
switching in the required dummy resistor used in reading the individual
sensor elements (quarter bridge readout).

A Vishay Model P-350 strain indicator was connected to the
data collection panel to read fatigue sensors and temperature sensors as
outlined in Appendix C, Reference 4.

2 Data Collection Procedure

An initial zero resistance reading was recorded for each
fatigue sensor pricr to test start. Fatigue sensor resistance change was
read at approximately 250 test hour intervals (twice per time block) with
a more frequent interval for early sensor response (0 - 2000 hours) due
to the logarithmic nature of fatigue sensor response. The actual reading
interval for fatigue sensor data is listed by Appendix A. Fatigue sensor
readings were taken on a non-interference basis and were timed to coincide
with test inspections or tape changes on the fatigue test loading system.
All fatigue sensor readings were taken with "hydraulics up'" on the test
article which is a repeatable zero load condition used as a starting and
ending point of cycling.

Structure temperature was recorded for each fatigue sensor
reading to correct resistance data for temperature effects. The temperature
for each reading is noted by Tables A-1 thru A-7, Appendix A.

The resistance of both the composite fatigue sensor and indivi-
duar elements was recorded for each fatigue sensor reading. This procedure
served as a measure of quality control on the data since the difference
between individual elements may be used to check the composite reading and
the strain gage element should be stable for a repeatable static load
condition.

E DATA ANALYSIS

1 Data Reduction

All fatigue sensor data collected from the A-37 final full-
scale fatigue test are presented in table form by Appendix A. These data
are presented as sensor resistance change (Delta R) which is calculated by

12

A P T e T - — — -




13 i

subtracting sensor initial zero reading from each test reading and correct-

ing for temperature variations. FM sensor temperature correction data is

erence 4., Sensor resistance change data from Appendix A and
h 2.3) are plotted
by structural area in Figures 7 through 14. Figure 6 is a data plot of FM

iminary full-scale test (Reference

contained in Ref
corresponding predicted response (when available, Par

sensor response at location #2 on the prel
3) and is included for comparison of preliminary and final tests. 'Test
Hours' on the plots refers to sensor test hours, rather than airplane test
hours. Figures 7-14 represent 1.12 test safe lives, while Figure 6 represents
1.42 safe lives (The preliminary test safe life was 7013 hours).

Four sensors initially installed at locations #5 and #6 gave
abnormal response and are not included in data plots. These sensors were
removed from the test article and examined. Air bubbles in the M-16 adhesive

produced out of tolerance multiplier performance.

In reviewing fatigue sensor data plots, the local variations of
the test spectrum are observed to produce fluctuations in the sensor response
rate. However, the block to block sensor response forms a smooth function
which may be compared to predicted response and is used for development of
calibration curves.

Fatigue sensor response at different structure locations may be
compared (same multiplier setting) for a relative indication of strain history

severity. Table 2 makes a comparison of sensor response at 1000 test hours
this table and reviewing

for several structure locations. From comparisons of
data plots (Figures 7 through 14), the following comparisons are made for the
£ !

final full scale fatigue test:

a) Test loading is symmetrical on the test article by noting
minimum response scatter RH to LH at all locations.

» b) The final full-scale test (training spectrum) is more
severe than the preliminary full-scale test (combat spec-

trum, Reference 3) at the lower front spar, WS 55.16.

c) The lower wing surface (front spar) is more severe than
the upper surface at both inboard and outboard locations.

d) Lower front spar, WS 91.50 is the most severe location
(prior to beefup).

W -4 -

e) WS 91.50 is approximately equal to WS 55.16 on the upper
front spar and is more severe on the lower spar.

13
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f) Structural beefup on lower WS 91.50 reduces this location
to less severity than the upper spar at WS 91.50
g) Rear spar is less severe than front spar.

NOTE: Data comparison trends indicated by items (c) and (g)
were also exhibited by the preliminary fatigue test (Reference 3).

Predicted response for the full-scale test was generally close
to actual response.

F CALIBRATION CURVE

Test data from the full-scale test was used to form a cali-
bration curve for comparison with fatigue sensors on operational field
aircraft. Field aircraft were instrumented identical to location #8 on
the full-scale test. Test data from location #8 were curve fitted using
a characteristic fatigue sensor curve shape (constant amplitude data,
Reference 4) as shown by Figure 15. Due to variations of severity within
the spectrum, the curve fit was based on a smooth fit of block to block
fatigue sensor response (500 hour interval).
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SECTION 1TLI

FIELD AIRCRAFT FM SENSOR INSTALLATION

YWCTTON

ixteen A-37B aircraft at three CONUS bases were instrumented
fatigue sensors, one on each wing, at location #8 (Figure 2) and
on a quarterlv basis for thirty-six months. TFatigue sensors were
111 Tanuary 1973 by a Cessna Instrumentation Engineer and subsequent
auarterly data collection was made by Cessna Fleet Monitoring engineers.

]

T

Installation and data collection techniques are similar to
those described by Reference 3 preliminary program. Field aircraft response

data are compared to full scale test calibration and other operational bases
to develop severity of usage trends.
B INSTRUMENTATION

FM fatigue sensors were installed on sixteen CONUS aircraft
follows (all aircraft with ECP 94 wing):

Base Using Command bate No. of Aircraft
Barksdale AFB AFRES 11-12 Jan 1973 5
England AFB TAC 13-14 Jan 1973 6
Marvland ANG ANG 27-28 Jan 1973 5

e three using commands had previously shown usage variations
(Reference 3). FM sensors were installed to confirm these trends.

Instrumentation included one Micro-Measurement FM221-02.5L

fatigue sensor per wing spar (RH, LH) installed at WS 56.80 (location #8,

- Figure 2) and one Micro-Measurement TG temperature sensor installed on the
L.l spar adjacent to the fatigue sensor. A short lead wire was installed
from the fatigue sensor to a five pin connector installed in the 4022287
wheel well access panel. Figure 16 shows the fatigue sensor installation
kit and Figure 17 shows the wheel well access area for installation and
data collection.

Several of the instrumented aircraft had previously been
inetrumented with Dentronic fatigue sensors by Reference 3 program. In this
case, the original inboard Dentronic sensor was removed to make room for the
Micro-Measurement sensor while the original outboard sensor was left intact

for long term monitoring.
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Fatigue sensors were installed by a Cessna team (Instrumen-
tation and Fleet Monitoring engineers) with excellent support provided by
Air Force personnel at each base. Air Force personnel removed access panels
required for access to the front spar and operated ground heaters required
to cure the fatigue sensor adhesive,

The Micro-Measurement FM sensor was easier to install than the
Dentronic sensors used in earlier programs. Total aircraft downtime was
four hours which included:

a) One hour clean spar, mix adhesive, position sensors

b) Two hour adhesive cure using 140° F ground heater

¢) One hour wiring and initial zero

The installation procedure is described as follows:

Step 1 - Accegs to Front Spar

Aircraft were moved to a hangar or maintenance area for the
installation work. Air Force personnel provided access to the front spar
cap by:

1) Lowering inboard gear door

2) Disconnect gear door actuator and cycle to "gear up"
position

3) Remove the 4022389 and 4022287 access panels.

Figure 17 shows the wheel well area with the access panel
removed.

Step 2 - Install Sensors

FM sensors were installed using manufacturer's instructions
(Reference 6) and using techniques described by Reference 4. This included:

1) Clean spar cap and mark sensor location
2) Install temperature sensor (Micro-Measurement ETG-50DP)
adjacent to LH FM sensor using Eastman 910 adhesive

(Figure 18)

3) Position FM sensor on spar using a piece of cellophane tape
(3M #157) placed across the top of the sensor

4) Mix and apply M-16 adhesive

-

5) Cure adhesive for two hours at 140°F
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Step 3 - Install Wiring

Sensor wiring consisted of installing short lead wires (approxi-
mately 18") from the sensor to a five pin electrical connector installed in
the modified 4022287 access panel. Wiring was tied to an existing wire
bundle to assure no interference. The LH connector contained leads from
both the fatigue sensor and temperature sensor using three and two pins
respectively. A placard cautioning handling of the electrical connector was
installed adjacent to each connector as shown by Figure 17.

Step 4 - Apply Protective Coating

The FM sensor wiring/solder joint and TG temperature sensor
were coated with '""M-Coat A''@ gage protective coating and a pad of BLH
Barrier "E"P for electrical and mechanical protection. The FM sensor was
not covered to avoid changing the multiplier performance (the rubber-like
encapsulating material of the FM sensor multiplier assembly provides a
measure of protection).

Step 5 — Sensitivity Check

To check operation of the FM sensors after installation, a store
load was placed on the outboard pylon (WS 191.50). Reading the FM sensor
as a strain gage (Gage Factor = 2.0) -60 to -80 micro strain response was
recorded from all sensors (static load varied from 155# - 175#).

Step #6 - Zero Reading

An initial zero resistance reading was recorded for each fatigue
sensor; all sensors were within tolerance (100 + 1.0 ohms) for this reading.
Reference data consisting of aircraft loading configuration, ambient tempera-
ture and total airframe hours were also recorded. TInitial zero reading data
for the sixteen instrumented aircraft are listed by Tables A-8 thru A-23.

aM Coat A - an air drying liquid polyurethane protective coating intended
for strain gage applications, manufactured bv Micro-Measurements, Romulus,
Michigan.

BLH Barrier E - A neoprene and rubber polym¢ patch type protective coating
which provides waterproofing and mechanical p »tection for strain gages,

manufactured by BLH Electronics, Weltham, Massachusettes.
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emble Aircraft

Aircraft were returned to the Air Force for reassembly and
flight status.

‘ DAT4 COLLECTION
! Data Collection System

The field data collectiion system used the following elements:

a) Vishay Model P-350 indicator with a gage factor setting
= 9,82 to produce a direct reading of ohms resistance.

b) A precision 100 ohm resistor for zero reference (mounted
on plug-in block to fit Vishay indicator).

¢) A three conductor cable lead wire with plug to fit
receptable installed in wheel well.

d) A temperature sensor signal conditioning network for
Vishay indicator with leadwire and plug.

€) A dry bulb thermometer to record ambient temperature.

The hand held probe system used by Reference 3 and Reference 7
programs for fatigue sensor resistance readings on field aircraft was
discarded in favor of a five pin plug receptacle mounted in the wheel well,
[he probe system worked satisfactorily for two contact points as required
by Dentronic sensors but was less than desirable for three contact points
required by the Micro-Measurement FM sensor. The plug system was employed
with improved accuracy of data and ease of data collection., Use of a
five pin plug allowed the fatigue sensor and temperature sensor on the
LH wing to share a common plug.

oy
The temperature sensor readout used a Micro~Measurement LST

network to adapt TG temperature sensor output signal to the Vishay P=350

indicator. A direct reading of temperature (°F) was indicated with 0,1°F

resolution.

Reference 7, = "T-37B Fuselage-Empennage Scratch Gage and Fatigue Sensor

Study", Cessna Report 318B-7319-030, dated 29 March 1974,
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y Data Collection Procedure

Fatigue sensor data collection on field aircraft required

ipproximately five minutes per aircraft with the following activities:

a) Zero the Vishay P-350 indicator by plugging in the "zero
block" (Item b, Paragraph 3.3.1) and adjusting the indicator
null balance (gage factor = 9.83).

b) Connect Vishay indicator to plug receptacle in wheel well
(RH and LM) and read fatigue sensor resistance (balance
indicator). One micro-strain (ue) indicated equals 0.001
ohms,e.g.,a +243 indication would be +0.243 ohms.

¢) Recheck indicator zero after reading fatigue sensors.
d) Cenrect Vishay indicator with temperature network to the

LH wing plug and read structure temperature (direct
reading °F). Note: Gage factor = 2.00.,

e) Record supporting data (aircraft hours, ambient temperature,
loading cont iguration, date).

3 Field Data Collection

Fatigue sensors were read by Cessna Fleet Monitoring engineers
on an approximate quarterly interval. Reading activities were coordinated
with Air Force personnel at each base who provided access to the aircraft,
Fatigue sensor readings were conducted on a noninterference basis with
data collected between flights or during normal aircraft downtime.

The FM sensor features strain and temperature compensation
(Reference 4), which allows fatigue sensors to be read with a variety of
aircraft load contigurations and ambient temperatures. However, a
repeatable load configuration was used for carly fatigue sensor readings
. (if available) to minimize static load effects on small resistance changes
(see Reference 4, Paragraph /.4).

Two of thirty-two sensors installed were found to be defective
during field data collection, In both cases (aircraft 70-1241, 69-6833),
the tatigue senscr strain gage element was found to be erratic, These
failures are typicai of those encountered during the Reterence 4 laboratory

test program (l10% premature tailure rate for this test series).

Tables A-8 through A-23 list field data coiiected from 12
January 1973 through January 1976,

3
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The major difficultv encountered in fatigue sensor data
collection was fatigue sensor wiring disconnected or damaged as noted by
fables A-8 through A-23 (wiring for seven of thirty-two sensors installed
was damaged).

Wiring damage occurred primarily during the ECP 171 modification
activity (contractor team) and normal Air Force phase inspections. The
problem was isolated to the fatigue sensor electrical connector installed
in the 4022287 access panel. In spite of a placard to the contrary
(Figure 17), the panel was being removed without removing the connector
(wiring disconnected by jerking).

[t became apparent that the connector location was a poor
selection. The previous fatigue sensor wiring for Reference 3 program was
never damaged (over 1,000 hours operation) with the connection point on the
wvheel well web adjacent to the access panel. The lesson to be learned was
that of keeping fatigue sensor wiring and connections out of high maintenance
traffic areas.

[he following modification to the fatigue sensor lead wire
routing and electrical receptacie location has been developed:

a) Moving the electrical connector from the access panel to
upper wheel well (mount with existing tooling hole).

b) Jonding fatigue sensor lead wire to spar cap (6 inch
adjacent te fatigue sensor) using EC 1300 contact cement.

Damaged fatigue sensors on Maryland ANC aircraft were repaired
or replaced. These aircraft received the wiring modification.

The six aircraft stationed at England AFB were transferred
in August 1974, 69-6366, 6367, and 6369 to Grissom AFB, 69-6368 to Youngs-
town, 69-6370 to Hancock, and 69-6371 to Maryland ANG.

- b DATA ANALYSTS

. bata Reduction

Fatisue sensor data collected from A~37 field aircraft are
presented in Table form by Appendix A (Table A-8 through A-23). These data
are presented as sensor resistance change (Delta R) which is calculated by
subtracting sensor initial zero reading from each field data reading and
correcting for temperature variations (see Reference 4 for FM sensor
temperature correction data). All temperature corrections were small
(smaller than anticipated before Reference 4 program) and did not measurably
affect sensor response data.

34
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Field data are plotted by base location and compared to full-
scale test calibration and predicted response using a scratch gage measured

spectrum. Figures 19 through 22 present field data plots and respective

comparisons, The scratch gage measured spectrum for each it !
Appendix B; response predictions are consistent with methods and techniqu
used for the full-scale test (Paragraph 2.3).

& Data Trends and Observations

Field aircraft fatigue sensor response is compared in terms of
position above or below reference data for an indication of operational
severity. Data points above reference indicate greater severity of
cumulative strain history while points below indicate less severity of
cumulative strain history than that associated with the reference data.
The following paragraphs discuss A-37B field aircraft severity trends
resulting from fatigue sensor data.

a _I_rhjividual__.»\.j_r.cr;nl Irends

Individual aircraft response data, figures 19 through 21, indicate
individval aircraft sensors (RH and LH) tend to track together. Early sensor
response among individual aircraft at a given base is scattered but tends to
converge as flight hours are cumulated. This pattern indicates local
variations in individual aircraft usage severity and data scatter with
convergence on the aircraft user operation spectrum as the usage sample
increases, which supports the assumption that usage is ergodic.

Some of the fluctuations (scatter) in early sensor response
(below 0.1 ohm) are due to sensfitivity to ambient temperature (temperature
correction applied) and static load variations with small resistance
changes, Imperfections in strain and temperature compensation for small
FM sensor resistance changes are discussed by Reference 4.

e b Operational Base Trends

A variation of severity between bases (aircraft users) is
apparent by examining Figures 19 through 21, Figure 22 shows medial
response lines for the three bases, Bases are listed in order of decreasing
severity:

BASE USER
England AFB (Grissom) TAC
Maryland ANG ANG
Barksdale AFB AFRES
33
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Flt. Hours Relative Severity*
Base Reduced ___(Base/Test)
Test — LB
¥neland 224 N,/
Marvyland 304 0. 3%
Barksdale 348 0. 156
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Figure 22
Field Aircraft Response Comparison with Full Scale Test
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Proportions of fatigue sensor response suggest Maryland usage
to be slightly less than England/Grissom and Barksdale to be considerably
less than both of the other bases, This severity trend is the same as
that developed by Reference 3 fatigue sensor instrumentation. Also the
trends are consistent with scratch gage damage rates developed by

Reference 8 program (see Figure 22).

C RHH to LH Wing Trends

A comparison of RH versus LH sensor response shows little bias
in data; the LH wing tends to be slightly higher at all bases. This data
indicates the effects of unsymmetrical loading and flight maneuvers are
small on front spar strain history.

d Field Aircraft Versus Full-Scale Test

Figure 22 compares full-scale test calibration developed by
Figure 15 with field aircraft response at three bases; the test is more
severe than all field aircraft operations., This same trend is indicated
by scratch gage damage rates developed by Reference 8 program (see Figure
22 and B-=2).

e I'ield Aircraft Versus Scratch Gage Prediction

Fatigue sensor response on field aircraft is predicted using
the measured strain spectrums for A-37 operational usage developed by
Reference 8 scratch gage data collection. The measured spectra for each
operational base are documented by Appendix B and predictions are made
using the transfer function and techniques described for the full-scale
test (Paragraph 2.3). The resulting predictions are plotted by Figures 19
through 21,

Predicted response from scratch gage spectra compares favorably
with actual fatigue sensor response although predicted tends to run slightly
higher., It should be noted some bias may exist in the scratch gage spectra
since that effort was directed toward collecting an adequate sample of
each signification store load-mission code combination used by a particular
base (Reference 8); the fatigue sensor data is based on the store load-
mission code distribution used by the base during the data collection period.
The scratch gage <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>