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1. Introduction

Tactical bridging is a key
component in ensuring mobility of the
future combat system for a successful
assault operation. The US Army has
several rapidly deployable mobile
bridging systems in its inventory
including over 900 Armored Vehicle
Launched Bridges (AVLB). Currently,
reliability of these bridging assets is
ensured through extensive visual
inspections to detect defects and
subsequent maintenance of these assets.
However, visual inspection is time
consuming and subjective in nature
without reliable early crack detection
capability.

An accurate and efficient
Nondestructive ~ Evaluation  (NDE)
algorithm based on vibration parameters
using a strain energy approach and laser
vibrometry has been developed by the
Constructed Facilities Center, West
Virginia University (CFC-WVU) in
conjunction with Litton Laser Systems
and the US Army. A unique Automated
Laser  Vibration Sensor  System
(ALVSS) was developed, designed and
fabricated for automated vibration
testing of large structures such as an
AVLB.

2. Technical Approach

It is known that damage in a
structure can be characterized in terms of
flexural stiffness loss at a cross section.
Research at CFC-WVU has shown that

damage can be located and quantified
using the dynamic strain energy
distribution (Venkatappa, 1997). The
dynamic strain energy distribution is
evaluated along a structure using
vibration test data and is defined
between two arbitrary points a~b as:
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where,

Usp = strain energy calculated
over the zone ranging from
‘a’to ‘b’

EI = flexural rigidity of the
cross section (assumed
constant)

] = mode shape vector

o7 = modal curvature

The strain energy damage

detection approach locates damage in a
structure given its mode shape
information before and after damage.
The sensitivity of the damage detection
approach is dependent on the number of
actual pick up points. Traditional contact
sensors such as accelerometers provide
data with limited spatial density (i.e.,
limited number of data points measured
on a structure), non-contact sensors such
as a scanning laser vibrometer can
provide spatially dense data thereby
improving the damage detection
capability using the strain energy
approach. However, off the shelf laser
sensor systems were not suitable to test
the AVLB therefore a prototype ALVSS
was designed and custom built.
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3. Automated Laser Vibration Sensor
System

An automated laser vibration
sensor system was custom built to
automate the entire vibration testing
process of the AVLB so that the
vibration output data could be directly
integrated with the strain energy damage
detection algorithm. The sensor system
consists of five parts: 1) Automated
robotic gantry, 2) laser vibrometer, 3)
data  acquisition/signal ~ generation

hardware, 4) excitation mechanism, and
5) a control program written in
LabVIEW (Aluri et al 2002).

Figure 1. Testing of AVLB using
ALVSS

4. Test Results and Conclusions

Full scale vibration tests were
conducted on the undamaged AVLB to
establish a baseline response. Four
damage scenarios were simulated on the
AVLB and tests were conducted for each
damage case using the Automated Laser
Vibration Sensor System (Figure 1).
These tests were conducted as proof-of-
concept/system tests. The acquired
vibration responses from the test were
processed using the strain energy
algorithm. Damage was successfully
located in two of the four damage

scenarios. Two other damage scenarios
were not detected since those damage
scenarios resulted in minimal reduction
of overall stiffness of AVLB.
Researchers at CFC have also developed
a nonbaseline damage detection method
which does not require the baseline
response for damage detection.

5. Potential Impact

The strain energy algorithm and
ALVSS wused in conjunction have
reduced the time needed for inspecting
AVLBs. Furthermore, the vibration
based damage detection method has
higher reliability and repeatability for
testing all the AVLBs and other mobile
bridging assets in service with the US
Army which can ensure a safer operation
of these bridging assets in the theater of
operations.
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