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How 1o Create an Efficient Structural
Testing System

Passing the structural test is one of the most critical tasks in the entire design
process of large-scale structures such as aircraft, satellites, wind turbine blades,
landing gear, and more. Engineers are required to conduct different tests to
study the behavior of the structure under different stressors o determine its
strength, compare the acquired data with expected results, and ensure the
structure under fest can folerate an expected amount of strain/pressure without
failing.

Completing structural tests is often expensive.They require a lot of man power,
resources, and time, as they are very complex to conduct.There are many kinds
of structural tests, some of which are one-time tests and some of which are
required to run for years and so the test system and the acquired data has to
be very accurate, reliable and repeatable.

Tight project schedules also mean that there is no room for errors and that

the test system in use must save time and money while still providing the best
results. Use of the infuitive DAQ software can make sefting up and completing
structural test simple and quick, while providing in-depth data and capabilities.

In this paper we will discuss how EXLab, a full-feature data acquisition software
suite, and the EX1629, a precision strain instrument, can work together to
become a complete structural test suite and help engineers save fime and
money on fests.

As structural testing can be complex and fime consuming, engineers must
be aware not to exhaust resources and fime on configuring their own data
acquisition system, and focus solely on completing the structural test.

If engineers are required to configuring their own DAQ system for use in the
structural test, they must conduct research for selecting the proper components
such as system chassis, signal conditioning modules, data acquisition modules,

... ferminal blocks and wires.
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Once the system is successfully configured, there will be significant time spent
on building and verifying cables using within the system. Extra cabling can
often add substantial costs, make maintenance of the system complicated,
and also reduce the data integrity due to noise and interference.

The EX1629 is an all-in-one strain instrument with embedded signal
conditioning and data acquisition capabilities. No external modules and
wiring are required, allowing for easy setup and maintenance, with high signal
integrity. The end-to-end self-calibration, shunt calibration, and excitation
measurement ensure superior accuracy.

There are benefits to both turn-key software solutions and to custom software
applications. In order fo create a custom software application, engineers are
required to purchase a software license which can be expensive.

Creating custom software also involves several fime consuming fasks
associated with it. These tasks include:

+ Understanding the suppliers software driver
+ Developing a software application to control the hardware
+ Verify and debug the software application

A turn-key software solution, however, can deliver a complete structural test
software suite which does not require any programming.This allows engineers
to begin testing immediately with no time wasted on development.

A large-scale structural test requires hundreds or thousands of channels to
acquire data. Connecting the different strain gages to the channels of the
DAQ system and setting up all the channels in the software can be tedious,
fime consuming, and prone to human error.

EXLab provides an easy-to-use channel configuration mechanism that allows
the user to setup all channels efficiently.
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EXLab’s ability to simulate virtual instruments also means that channel setup
can be done without connecting the instrument.This means that some
engineers can be working on attaching sensors and completing wiring,

while others can configure channels with the simulated instruments. When

the instruments are ready o use, the engineers just need to apply the pre-
configured channel configurations to the instruments. In this way, the engineers
work in parallel and drastically reduce system setup fime.

Each channel of the EX1629 has an independent ADC and can be set to
independent range, measurement type, bridge type, completion resistance,
filters, etc. By using the EX1629 with EXLab, engineers are not limited by any
restrictions and can complete the entire channel setup process within
software.
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In large-scale structural testing, it is common to require hundreds or thousands
of strain gages to be placed in different locations throughout the structure.
Since there needs fo be many channels, it is difficult for engineers to distinguish
the location of each strain gage.

EXLab provides a Distribution Graph, allowing engineers to first assign a custom
name to each channel of the data acquisition system and assign the channel
info a distribution graph.

The distribution graph allows the user to upload the picture of the structure
under test into EXLab, specify how many rows and columns are used in the
picture and assign the channels into cells. By using the distribution graph,
engineers can easily distinguish the location of the channels as well as the
strain gages. When a channel fails, the engineer can know exactly where the
failed strain gages locate and fix them without spending any fime to find out
the locafions.

Since structures under test are usually very large, multiple distribution graphs
might be required. EXLab supports multiple distribution graphs, each of which
monitors a part of the structure under test, while running at the same fime.
However, to achieve this, it is required to run long test cables to connect the
instruments to different parts of the body of the structure.
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Running long test cables can significantly reduce the data integrity as well as
the accuracy. EX1629 is an LXI instfrument which uses LAN for communication.
The instrument can be easily distributed and placed in different parts of the
body of the structure with only one LAN cable. In this way, no long test cables
are required and data integrity and accuracy can be ensured.
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In static load tests, engineers have fo continuously operate a load control
system to apply force to the structure under test in different levels and
determine the structural behavior of the structure by analyzing acquired data.
The engineers can manually set the load control system to apply certain
levels of force to the structure under test and manually acquire data using the
Snapshoft feature of EXLab. EXLab allows the user to visualize the data from

all channels along with the information of the load control system in a table
format.

Each channel is assigned a channel name and can be moved up or down in
the table, allowing the engineer to focus on important channels. The data will
also turn info red whenever it exceeds the preset limit.This creates a warning
for the engineer and clearly displays the failure position, the failed value, the
time of the failure and the amount of force applied on the structure when it
failed.
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A static load test can be a very expensive one-time test. Once the structure
breaks, the test cannot be continued and rebuilding the structure can be
expensive. With this warning in Snapshot, the engineer can stop the test before
the structure breaks apart when warnings appear.

Combining Snapshot with the Event Management feature, EXLab can create
a closed-loop, automated static load test.To achieve this, the user can setup

a system event and an input event in EXLab. System event is used to send out
a trigger signal from the data acquisition hardware to frigger the load control
system and advance to the next level once the snapshot measurement is
finished.The input event is used to detect trigger signals from the load control
system and trigger the data acquisition system to snapshot the data.The
whole operation will become a closed-loop control and data can be acquired
automatically.
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Fatigue testing can often be required to run for months or even years in order
to achieve complete test results. Even though the data sampling rate is not
high, the size of data recorded in months or years can be huge. Not only it will
require more computer memory to store the data, but much of the data will
also become redundant and meaningless, causing it to be very difficult for the
user o navigate useful data.

EXLab can resolve this issue by using loop recording. Loop recording allows
the user to specify the total amount of data files and the time of each data
file used to store data. In this mechanism, new data will always replace the old
data in order to keep the specific amount of data specified by the user.
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By using loop recording, engineers are no longer required to manage months
or years of data. Combing with Event Management, the engineer can setup
an output event fo send out a trigger signal to shut down the whole system

in case of emergency.Then the engineer can analyze the acquired data
recorded within only a specified amount of fime.

In structural test, calculating a value using different algorithms based on
acquired physical data is common (Strain Rosette for example). Algorithms
can be complicated and can be automated using software. EXLab provides a
capability fo allow users to customize their own algorithms or formulas. Based
on the data from one or more channels, a desired value can be automatically
calculated in real time and store into virtual channels. Virtual channels can

be used in the same way as physical channels. In other words, the calculated
value can be displayed on a data display control, exported into CSV format
file or analyzed using post-data analysis tools. Users are also allowed to apply
different rate to calculate the value.

RELIABLE DATA FIRST TIME EVERY TIME




technicalNOTE

Algorithm Creation
Import Algorithm List | Export Algorith List
Algorithm Name Parameter Settings
CharactervalusCal Mame: | DeltaRlosetted Type: |DelaRosetted
DeltaRosetted Bvname: Delta Roseth
RectangularRosetted s it
RectangularRosettel Dition: Delta Rosette Add
Index Marme Type Walue
1 &l Input StrainGagel |«
2 &6l Input StrainGagel '
3 2120 Input StrainGage3 v
4 E 0.0000
5 0.0000
6 [P Output Rosettel v
1! P2 Dutput Rosette? v
i Mewe Delete ] Set Default ] [ Dependence Check ] Close
4

In large-scale structural tests, infensive calculations can happen
simultaneously. By using EXLab, algorithms and formulas can be setup prior to
the test. During the test, the results will be directly reported. Engineers are no
longer required to do post-data analysis based on the acquired data from the
physical channels. Not only does this save fime but is also more organized.

The EX1629 supports many various functions to maximize the accuracy of

the measurement, including; self-calibration, shunt calibration and excitation
measurement. These functions can dramatically reduce data uncerfainties in
different circumstances. EXLab supports all of these functions. Each function
can be performed by one click and the results will be shown once the process
of the function is finished.These functions also allow the user to do quick
validation on the data acquisition system to detect failures.
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