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PREFACE

e Gy

This report summarizes work done from March 1976 through
June 1977 by General American Transportation Corporation (GATX);
General American Research Division (GARD) Niles, Illinois
under contract F-33615-76-C-5278 with the Air Force Materials
Laboratory (AFML), Wright-Patterson AFB, Ohio. The technical
representative from AFML was Grover Hardy, AFML-MXA. The
work was performed at GARD in the Electronics Systems Depart~-
ment by Fay K. Chin, Project Engineer, with the engineering
assistance of Irvin R. Kraska and Norman F. Muelleman. The
work was performed under the guidance of Michael J. Santoro,
CEEDO/CN.

The author gratefully acknowledges the assistance provided
by Sgt A. Landry, Air Force Civil Engineering Center, the
shelter maintenance personnel at Holloman AFB NM, and shelter
maintenance personnel at Ogden ALC, Hill AFB UT, for the field
testing.

This report has been reviewed by the Information Officer
(OI) and is releasable to the National Technical Information
Service (NTIS). At NTIS, it will be available to the general
public, including foreign nations.
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SECTION I
INTRODUCTION

Debonds and free water presence are common defects in Air Force
shelters of laminated metal panel construction. Reliable and early
field detection of these defects is necessary for efficient field
maintenance of shelters.

Prototype equipment allowing simultaneous inspection for debonds
and free water in laminated metal panels was developed under Contract
F-33615-71-C-1552. The equipment uses a unique eddy sonic technique
capable of detecting 1/2-inch diameter and larger debonds in foam
and honeycomb core panels with 0.020 to 0.100-inch metal face-sheet
thickness, and is capable of detecting a single water-filled cell in
metal-to-paper honeycomb panels and l-inch diameter by 0.020-inch
thick waterfilled area in metal-to-foam panels. Inspection rates of
approximately 600 square feet per hour while maintaining sensitivity
to 2-inch diameter debonds was obtained by the equipment. Further
details can be obtained from Technical Report AFCEC-TR-75-2.

This report describes the miniaturization of the above prototype
equipment into a small, portable, rugged model, and the laboratory and
field testing of this miniaturized panel inspector.
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SECTION II

DEVELOPMENT OF MINIATURIZED TESTER

As a result of a previous contract, F33615-71-C-1552, prototype
equipment capable of field detection of debonds and water in shelter
sandwich panels was developed and tested. However, the prototype
equipment was too large and too heavy for field use (about 30 by 21
by 29 inches and weighed 200 pounds with batteries and 120 pounds
without batteries). A recommendation of the previous contract work
was to reduce the size and weight, and to improve the operational
characteristics of the prototype equipment. (Reference AFCEC-TR-75-2).

This recommendation led to the development of a miniaturized
tester, which is the subject of this report. The development involved
designing a tester to perform the functions of the prototype equipment
using electronic solid-state components to replace bulky non-solid~
state components. Printed circuit boards and integrated circuits
with wire-wrap connections were used as much as possible to incorporate
several functional components into one component. The size of the
batteries was reduced to a smaller self contained battery.

The resulting miniaturized tester was a portable, rugged, battery
or ac powered non-destructive Shelter Panel Inspector, as shown in
Figure 1. It is capable of detecting debonds and water in laminated
shelter panels with metal face sheets joined to foam, paper honey-
comb, and balsawood cores, and may also be used to detect debonds in
other metal composite structures with appropriate calibration. A
unique eddy sonic technique is employed by the tester by applying a
sonic signal and sensing the response with a transducer/microphone
hand-held probe. (Further details on the eddy sonic technique used
can be found in Technical Report AFCEC-TR-75-2). The probe is moved
over the surface of the structure being checked and the response is
fed back through the probe to a digital counter display for measurement
and indication of the response signal, and to alarm and indicator lights
as Go/No indications. A block diagram of the circuit operation is
shown in Figure 2.

Table 1 lists the major specifications of the tester.




Figure 1.

Sshelter Panel Inspector
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TABLE 1. SHELTER PANEL TNSPECTOR SPECIFICATIONS
Size: 9.0 inches long, 13.5 inches wide, and 16.25 inches deep
(including cover)

Weight: 41 pounds including battery and all accessories
with integral transport case

Input Voltage: (AC operation) 115 VAC * 10 percent, 47-63 Hz
(DC operation) 12 VDC, internal battery

Power Consumption: Approximately 35 watts (30 watts-display
disabled)

Warmup Time: 5 minutes

Operating Environment:
a. Ambient temperature: 40-1250F
b. Humidity: 0-95 percent

c. Altitude: 0-10,000 ft

Battery Powered Duration: 4 hours (Worst case)
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SECTION III

LABORATORY AND FIELD TESTING

The Shelter Panel Inspector was evaluated in the laboratory at
the contractor's facility, GATX, Niles, IL and in the field at Hollo-
man AFB, NM and at Ogden ALC, Hill AFB, UT.

Laboratory testing was successfully performed on typical sample
test panels provided by the Air Force at the contractor's facility
at Niles, IL. The testing verified acceptable performance in the
areas described below:

1. Mechanical inspection-size, weight, packaging

2. Electronic inspection-power supply, transmitter,
receiver, counter, front panel

3. Environmental inspection-temperature, humidity
4. Operating procedure inspection
5. Calibration procedure inspection

The Appendix contains the results of the laboratory testing.

Field testing was performed at Holloman AFB, NM on Bare Base
Shelters and at Ogden ALC, Hill AFB, UT on Tactical Shelters used
for photography reconnaissance and other purposes.

At Holloman AFB, approximately 20 shelters constructed of foam
and honeycomb cores with facial sheet thickness ranging from 0.025
to 0.125 inch were inspected. Several debonds were located with the
Inspector and were verified as true debonds by the manual coin tap
method. There was a 100 percent correlation between debonds located
by the Inspector and the coin tap method, and it was shown that the
Inspector located debonds that were not normally found using
the coin tap method.

No water entrapped conditions were found at Holloman AFB, but a
honeycomb panel from one of the shelters was artificially seeded
with water and the Inspector accurately located the water.

Environmental conditions at Holloman AFB indicated that the
Inspector operated well at 50°F and 4000-foot altitude.

A staff and a Technical Sergeant from the 4449 MOBSS were trained
to use the Inspector at Holloman AFB and successfully inspected
several shelters after a brief l-hour training period.
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The field tests at Ogden ALC, Hill AFB, UT were performed on
several foam and honeycomb panel shelters with facial sheet thicknesses
ranging from 0.040 to 0.125 inch. Several debonds were located with
the Inspector and verified with the coin tap method. Again there was
100 percent correlation between the Inspector located debonds and the
coin tap method located debonds, and the Inspector found debonds
not normally found using the coin tap method. On one of the shelters
the debonds found by the Inspector were verified by actually cutting
sections out of the shelter and visually noting the debond.

Water entrapped conditions were not found at Ogden ALC, but a honey-
comb panel from one of the shelters was artificially seeded with water
and the Inspector accurately located the water.

Environmental conditions at Ogden ALC indicated that the Inspector
operated well at 40°F and 4400-foot altitude.

The Inspector was left at Ogden ALC for 20 days and Air Force
personnel at Ogden evaluated the Inspector during this time after being
given a brief l-hour training session.

Testing at Ogden ALC also indicated that the Inspector could be
used in a shelter depot repair facility for testing and making repairs.
The testing at Ogden also showed that the Inspector can give erroneous
indications on shelters that have been previously repaired unless it
is calibrated properly. Thus care must be exercised when testing
panels which have previously been repaired.

T




SECTION IV
CONCLUSIONS

The Shelter Panel Inspector has been successfully developed and
tested and meets the performance requirements. The Inspector is small,
rugged, and easily transportable. It can be used in the field or in
a depot repair facility to accurately detect debonds in shelter sand-
wich panels faster and more accurately than the present coin tap
method. The Inspector can also accurately locate entrapped water in
shelter sandwich panels and this provides a capability that does not
exist in the field now.

On shelters that have been previously repaired, it is important
that the repair method and repair material be known before attempting
to use the Shelter Panel Inspector to detect debonds or entrapped
water. Otherwise, erroneous indications can be given by the Inspector.

A prime item product function specification for the Inspector
has been developed which can be used for procurement of future Shelter
Panel Inspectors.
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SECTION V
RECOMMENDATIONS

It is recommended that the Shelter Panel Inspector be procured by
the shelter maintenance personnel at all bases that maintain or
repair shelters, and that it be used to replace the coin tap method
for locating debonds in shelter sandwich panels and be used to locate
entrapped water in shelter sandwich panels.

Air Force personnel should be properly trained and become familiar
with the Inspector characteristics, operations, and limitations before
attempting to use the Inspector. The Air Force personnel should be
familiar with the construction of the shelter panel, i.e., facial sheet
thickness, hat sections, types of adhesive, etc., before using the
Inspector on the panel. Also the personnel should exercise caution
when using the Inspector on panels which have previously been repaired.
To properly use the Inspector on repaired panels, they should determine
what method was used in making the repair and what type of repair
ke materials were used so that the Inspector can be properly calibrated
for these repaired panels before use.
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