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Project Description:

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

e TAC meeting on Dec 13" 2022.

e |SU refined the fabrication process of silicone-based SECs for direct-paintable applications. Sensors
were produced and characterized in a laboratory environment. The figure below compares free-
vibration data from an SEC bounded to a fiberglass plate directly on a painted conductive solution, vs
the silicone-based SEC that can be directly painted. Data showed that the silicone SEC is more noisy.
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Figure: comparison of directly adhered SEC and painted silicone SEC

o ISU refined the fabrication process by incorporating PELCO conductive glue. Additional tests were
performed on the plate and capacitance data compared against strain data measured by a strain gauge.
A typical time series is shown below. Results show good agreement between both sensors.
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Figure: comparison of silicone SEC vs strain gauge data
o KU fixed the power issue on the bridge; the wireless sensor network is now working very well.
Measurement threshold fhas been increased for even-trigger sensing mode to save power.

e KU investigated the new sensor boards and Wheatstone bridge using the laboratory specimen shown
in the Figure below. The laboratory specimen contains four new SECs and two strain gauges.
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Figure: The specimen (cantilever steel plate) with new SECs and strain gauges.

One of the strain gauges was connected with NI-DAQ for comparison purposes, while the other one
was connected with the new Wheatstone bridge. The test was run by applying a load at the tip of the
cantilever steel plate, and data was recorded. The figure below compares the time histories of the
strains obtained from NI-DAQ and the new Wheatstone bridge. The time histories are almost
identical, indicating the effectiveness of the new Wheatstone bridge. The response from the SECs will
be measured during the next quarter and data analyzed.
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Figure: the time histories of the strains from NI-DAQ and the new Wheatstone bridge.

UA received the shop-manufactured 15 sensor boards. The following shows is a sample of the manufactured
boards. After initial testing it was found that most of the boards were having issues related to ADC not working
properly. Replacing the ADC solved the problem.
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Figure: one manufactured board.

UA improved some bridge balancing features for the new boards. In the earlier version of the automated board,
the full range of digital potentiometer was not used, but covered only quite narrow range of nominal capacitance
of the SEC. If the SEC nominal capacitance is around 50 pf higher or lower than the reference capacitance,
early version could result in the out-of-balance of the bridge, which may cause significant noise issue. The
software code is updated to include the two-step balancing (i.e. coarse and fine balancing) to cover a wider SEC
nominal capacitance range without sacrificing the balancing precision.
The second update was associated with some unexpected harmonic noisy peaks (around 7 hz, 15 hz, 21 hz),
which were visible during the free vibration test. UA found that powering down the microcontroller after
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balancing and calibration (a sleep code is added at the end of bal&cal) eliminates the noisy peaks and reduces
the noise level significantly. The following shows a comparison between before and after the sleep code was
implemented in the operating software.
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e USC investigated the performance of painted SEC and epoxy-adhered SEC on steel joints in response to slight
offsets at the joints. The Figure below shows the response of the painted SEC (a), epoxy-adhered SEC (b), and
compares the variation in capacitance (c). The epoxy-adhered SEC was shown to be more stable and sensitive
when compared to the painted-on SEC.
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Figure: Capcitance change from joint displacement of angle bar measured by : (a) painted SEC, and; (b)
epoxy-adhered SEC.

Anticipated work next quarter:

o [SU will improve the silicone-based designed for directly paintable SECs.

o KU will work with the Arizona team to improve results using the new sensor boards and deploy the new
sensor boards to the field when they become ready.

e KU plans to remove the SECs on the bridge and measure the current crack lengths.

e UA will continue testing the new boards, including on the building testbed.

e USC will continue testing painted SECs with mixes prepared by ISU.
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Significant Results:

Paintable SEC mix showed great promise at replacing the SEC mix.

Wireless sensor network on the bridge is now fully operational, and data are successfully being collected.
Bridge balancing has been improved over a wide range of nomial capacitance of SECs, and the problem with
harmonics has been mitigated.
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