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A Feasibility Study for Estimating Prestressed Stress on a Steel Wire
Using Permeability of Magnetic Flux
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/] ABSTRACT /

This work examines the feasibility for estimating existing tensile stress on a stressed wire using the permeability of magnetic flux. A closed
magnetic circuit has been constructed to induce magnetic flux inside a steel wire. With different tension stress levels on a wire, the
permeability of magnetic flux on the wire has been measured. Two different experimental case studies have been conducted for the
examination of sensitivity of permeability of magnetic flux on the stressed wire. One is a varying-length stress test, and the other is a
fixed-length stress test. The results show that the permeability of magnetic flux in the varying-length stress test is inversely proportional to
the applied stress, while the permeability in the fixed-length stress test is linearly proportional to the applied stress on the stressed wire. It
is thus expected that the permeability of magnetic flux on a wire can be a promising indicator for the inspection of its tensile stress.
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(a) Connecting Wood Part

(b) Sensing Solenoid

Fig. 7. Details for connecting wood part and sensing solenoid
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Table 1. Dimensions of solenoids

Exciting Solenoid |Sensing solenoid

Diameter of Enamel Wire(mm) 1 0.5
First Layer | 8394
Number of Winding(N) Second Layer| 8320 2720
Total 16714
Total Length(mm) 9852 59.1
Average Radius(mm) 10.1 38.65

Table 2. Varying-length test conditions

Test | Frequency | Voltage | Current Applied Stress
No. (Hz) (\%) (A) Stress(MPa) | Rate(%)
1 10 50.3 1.68 0 0
2 10 50.3 1.66 295.3 15.9
3 10 50.3 1.65 536.5 28.8
4 10 50.3 1.64 652.3 35.1
5 10 50.3 1.64 793.8 42.7
6 10 50.3 1.63 941.1 50.6
7 10 50.3 1.63 1114.1 59.9
8 10 50.3 1.63 1243.4 66.8
9 10 50.3 1.62 1386.5 745
10 10 50.3 1.62 1523.4 81.9
11 10 50.3 1.62 1660.7 89.3
12 10 50.3 1.62 1798.0 96.7
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Fig. 8. Measured voltage signal from sensing solenoid at Test No. 12
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Fig. 10. Section cutting of PS wire after stressing
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Table 3. Fixed-length test conditions

Test | Frequency | Voltage | Current Applied Stress
No. (Hz) (V) (A) Stress(MPa) | Rate(%)
1 10 50.3 1.70 0 0
2 10 50.3 1.71 25.13 1.35
3 10 50.3 1.69 53.93 2.90
4 10 50.3 1.71 208.07 11.19
5 10 50.3 1.70 357.58 1922
6 10 50.3 1.70 520.13 27.96
7 10 50.3 1.70 687.03 36.94
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Fig. 11. Fixed-length test conditions: applied stress vs. permeability
of magnetic flux
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