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Executive Summary

A serics of experimental tests have been conducted to ascertain the sensitivity of the
Comparative Vacuum Monitoring (CYM™) technique offered by Structural Monitoring
Systems Ltd (SMS) when detecting crack propagation in painted aluminium specimens. The
specimens had a variety of aircraft paint surface finish schemes in order to evaluale the
capability of the CVM technique.

Analysis of the experimental results indicates that the crack front is detected though the
various finish schemes. However, the sensitivity of the technique is influenced by multiple
topcoat layers.

* The presence of primer coat (to a primer thickness of 60 um) does not effect the
detection of the crack.

* The presence of one coat of polyurethane (fresh or aged), such that the total paint
thickness is less than 60 pm, similarly did not delay the detection of the crack tip
detection.

* The presence of multiple polyurethane topcoats with a total thickness greater than 60
pm caused an increase in the delay of crack tip detection. The delay in detection is
linearly related to the total paint thickness, however aging the paint improved the
accuracy of the measurement by approximately 0.2 mm.

In all cases, the paint is acting as an unwanted sensor sealant. Increased stiffness of the paint
through aging assists in early fracture of the paint (i.e. al the same time as the aluminium
substrate) and thus improves the accuracy of crack detection.

The maximum average difference measured with a freshly painted polyurethane topeoat was
0.9 mm + 0.2 mm for a 105 pm total paint thickness; the equivalent of three topcoats.

Capyright © 2002 The Sir Lawrence Wackett Centre for Aerospace Design Technology, RMIT iii
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1 AIM

The aim of the program was to ascertain the sensitivity of Comparative Vacuum Monitoring
(CVM™) to detect the location of a crack in & metallic specimen during cyclic fatigue testing.
The testing particularly focused on the sensitivity and accuracy of the CVM technique when
employed on various paint surface finish schemes.

2 BACKGROUND

SMS has successfully deployed laboratory configurations of its patenied Comparative
Vacuum Monitoring (CVM) technique of structural integrity monitoring into research and
testing facilities in Australia, USA and Europe. The company is now undertaking a number of
activities to develop and demonstrate CVM for application to operational aircrafl structures.
The rationale for this investigation is 1o conduct a series of preliminary studies to determine
the functionality of intended aircraft configurations of the CVM technology whereby the
sensors are mounted over surface finishes in structural targeted areas. The preference for the
application of this technology on aircrafl structures is to avoid, wherever possible, surface
finish removal in order to retain the integrity of the corrosion protection system.

3 EXPERIMENTAL EQUIPMENT

The following equipment was used in this test program. The equipment includes SMS
specimens and sensing equipment and a testing machine and support equipment supplied by
RMIT to apply the fatigue test spectrums.

o |00 kN MTS testing machine.

+ Lap-top computer.

4 Individual identified specimens, not painted.

48 Individual identified specimens painted on one side only, comprising:

¢ 4 examples of each of 3 paint systems, with 3 thicknesses of each paint system
(36 non aged paint specimens) and

= 4 examples of one paint system, with 3 thicknesses, the paint having been aged
(12 aged paint specimens).
» Traveling microscope.
« Sensors and vacuum lines to connect the equipment to the test article.
» SMS Evac 4 (8/N: 0005).
« SMS SIM 8b (S/N: 0015),
» Associated SMS ancillary equipment.

Copyright © 2002 The Sir Lawrence Wackett Centre for Aerospace Dexign Technology, RMIT
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4 TESTING PROCEDURE

The following procedure was repeatedly employed to prepare and set-up the test specimens
within the testing machine, conduct fatigue testing and measure as well as record the results.

Specimen Preparation and Sei-up

i Ll ol o o

Clean specimen surface by wiping it with isapropyl aleohol.

Use perspex guide to position the sensor.

Consolidate the sensor (Figure 1(a)) into position with the supplied roller.
Note specimen number and record this on both sides of the specimen.
Zero calibrate the SIM (Figure 1(b)).

Connect lap-top computer to SIM to record pressure history.

Place specimen within the MTS machine,

Set-up traveling microscope (Figure 2(a)).

Pre-Testing Phase

9.

10,
i1.
12.
13.
14.

15.
16,

17.

Apply a 9 kN load to the test specimen.

Record the distance from the inner edge of the gallery to the specimen edge, as well
as the initial crack distance (Figure 2(b)).

Remove specimen from the machine.

Insert specimen back into the MTS but with other side facing the microscope.
Re-apply the 9 kN and record the distance of the initial crack length.

Compare Step 13 with Step 10 to ensure that the distances arc comparzble.
Connect the vacuum tube between the sensor and the SIM.

Connect the SIM to the Kvac using the supplied umbilical and wm the vacuum
valve to “Supply™.

Ensure that the SIM stabilizes to a reading less than 20 Pa, to ensure that a good seal
is present.

(a) (b
Figure lfa) Sensors as Supplied by SMS and (b) the SIM Fiuid Flow Meter

Copyright © 2002 The Sir Lawrence Wackett Centre for Aerospace Design Technology, RMIT 2
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Testing Phase
18. Initiate fatigue specimen testing using fatigue spectrum.
19. Once the alarm is tripped, stop test, record time, record number of cycles and crack
propagation distance,
20. Halt sensor operation by clamping the gallery hose.

Noves
Fatigue spectrum:
- Target set point =4. 725 kN
- Amplitude =4,725kN
- Frequency =10 Hz

(a) (b)

Figure 2{a) Experimental Set-up and (b) Close-up Showing the Position of the Traveling
Mmicroscope, SIM and rthe Mounted Sensor

Copyright © 2002 The Sir Lawrence Wackett Centre for Aerospace Design Techrology, RMIT
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5 DISCUSSION OF THE RESULTS

Results of the experimental tests are shown in Table ! Experimental Test Resulis. There are
two main points associated with this table that needs clarification, Firstly, within each
specimen batch supplied by SMS 1o RMIT there were five individual samples. Testing was
always conducted with four of the five supplied samples with one kept as the control
specimen. The main difference between each sample baich is the thickness of the applied
paint scheme finish. Table 2 Measuring Error as a Function of Systematic Error and Paint
Thickness provides a description of the sample batches,

To obtain the true systematic error present within the testing methodology, the test procedure
wis repeated using two un-painted specimens provided by SMS to RMIT as dummy samples,
These results were used 1o obtain the systematic error as well as to act as conirol samples
from which the painted specimens were compared. For these two specimens an ermor of 0.08
mm + (,02mm was measured.

However measurement error may be due to:

1. A difference in the position of the crack tip on either side of the coupon, ie due to
uneven crack front tunneling.

2. A positioning error in the microscope.

3. An error in measuring the position of the gallery edge in relation to the edge of the
coupon (directly related to the positioning error of the microscope).

4. “Actual” crack tip past “visible” crack tip measured by the microscope.

5. A delay in the CVM system reaching the alarm value.

6i. A delay in the operator switching off the testing machine once the alarm is tnggered
(the automatic shut-off option was not used),

Errors 5 and 6 will result in a crack longer than the distance (o the edge of the gallery being

measured, as the crack will continue to grow past the gallery edge until the testing machine is
turned off.

Copyright © 2002 The Sir Lawrence Wackett Contre for Aerospace Design Technology, RMIT o
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Deviation for Each Measurement
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Figures 4 and 5 illustrate the average difference between the crack tip position measured by
the microscope and the gallery edge position. The difference value is the subtraction of the
value measured by the microscope from the gallery position.

“Negative™ values must be considered as measurement error as the CVM system cannot
detect the crack until the tip reaches the gallery edge. As the two uncoated calibration
coupons both gave a negative value for the difference, the negative values are nol due to
tunneling and/or the permeability of the paint system.

From the graphs, if the assumption is made that primer does not effect the detection position
of the crack tip, the average difference (calculated using the calibration coupons and the
coupons with the coated with primer) is -0.011 mm £ 0.203 mm. Hence, the measurement
error is + 0,20 mm, with the small sample size a function of the nature of the test.

15 mm £ 0,02

Figure 6 Profile View Showing the Position of the Gallery with Respect to Initial Crack Front

Copyright © 2002 The Sir Lawrence Wackett Centre for Aerospace Design Technology, RMIT
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6 CONCLUSION

The CVM technique offered by Structural Monitoring Systems Lid can be employed to detect
fatigue crack propagation through painted aluminum materials.

1.0
& \ngin
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‘E 8 -
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EJ
=
=
L5 . - : : .
Li] 2 4} tll &0 110 120

Total coating thickness {(am)
Figure 7 Graph Showing the Average Difference berween the Crack Tip Position Measured

by the Microscope and the Gallery Edge Position for the Coupons with a Polyurethane Top
Coat where Ervor Bars are the Standard Deviation for Each Measurement

# The measurement error for this trial was determined to be = 0.20 mm for all
measurements.
o The presence of primer coat (to a primer thickness of 60 um) does not effect the

detection of the crack.

¢ The presence of one coat of polyurethane (fresh or aged), such that the total paint
thickness is less than 60 um, similarly did not delay the detection of the crack tp
detection.

s The presence of polyurethane topeoats with a total thickness greater than 60 pm caused
an increase in the delay of crack tip detection. The delay in detection is linearly related
to the total paint thickness, however aging the paint delayed improved the accuracy of

the measurement by approximately 0.2 mm.
All coupons with a polyurethane topcoat had a standard primer thickness of approximately 20

um. The maximum average difference measured with a freshly painted polyurethane topcoat
wig 0.9 mm £ 0.2 mm for a 105 pm total paint thickness; the equivalent of three topcoats.

Copyright © 2002 The Sir Lawrence Wackett Centre for Aeraspace Design Technology. RMIT
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