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Estimation of Cable Tension Force by ARX Model-Based Virtual Sensing
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/ABSTRACT/

Sometimes, it is impossible to install a sensor on a certain location of a structure due to the size of a structure or poor surrounding
environments. Even if possible, sensors can be frequently malfunctioned or improperly operated due to lack of adequate maintenance.
These kind of problems are solved by the virtual sensing methods in various engineering fields. Virtual sensing technology is a technology
that can measure data even though there is no physical sensor. It is expected that this technology can be also applied to the construction
field effectively. In this study, a virtual sensing technology based on ARX model is proposed. An ARX model is defined by using the
simulated data through a structural analysis rather than by actually measured data. The ARX-based virtual sensing model can be applied
to estimate unmeasured response using a transfer function that defines the relationship between two point data. In this study, a simulation
and experimental study were carried out to examine the proposed virtual sensing method with a laboratory test on a cable-stayed model
bridge. Acceleration measured at a girder is transformed to estimate a cable tension through the ARX model-based virtual sensing.
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Select a target structure

Model the structure through analysis program

Obtain acceleration data at a girder and cable
by the simulated model

Form and verify
the ARX model defined by simulated data

Estimate unmeasured response using ARX model
by applying experiment data

Calculate the cable tension force
by the estimated acceleration

Fig. 1. Process of estimating cable tension force
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Fig. 4. Model for structural analysis
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Table 1. Comparison of analysis and measured data

Analysis (Hz)|Measured (Hz)| Error (%)
1% mode 1.26 1.29 2.4
Frequency | 2™ mode 3.02 2.96 2.0
3“ mode 3.74 367 1.9
| PointAs -5.35 -5.38 06
Deflection
Point A10 -0.68 -0.69 15
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Fig. 9. Measured data of A2, A3, A4 (30% EI Centro)
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Fig. 11. Estimated data of C3 (30% EI Centro)
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Fig. 14. FFT result of C3 (Impact Hammer)

Table 2. Frequency extraction through the data of C3

1% mode|2™ mode |3 mode|4"™ mode|5"™ mode 6™ mode
(Hz) (Hz) (Hz) (Hz) (Hz) (Hz)

30%

672 | 1553 | 1951 | 2367 | 3014 | 3504
El-Centro
Impact | 624 | 1536 | 1942 | 2373 | 2033 | 3461
hammer

Table 3. Estimation of cable tension force by the estimated natural
frequency

Measured by

Loadcell Taut String theory

Beam theory

Tension (kN) |Tension (kN)| Error (%) | Tension (kN)| Error (%)
30%
El-Centro 727 7.05 3.03 7.78 7.02
Impact
7.27 713 1.93 7.83 7.70
hammer

Table 4. Properties of wire rope

Property Value

Length(m) 10.248
Weight(kN/m) 7.73
Diameter(mm) 8.0
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