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Abstract

The behavior of bolt tightening and loosening was simulated in bolt friction coefficient tester
based on the ultrasonic technique. The key elements, which affect the serving bolt residual tension
testing, were studied through the relation between tension and elongation in bolt tightening and
loosening, which effectively supports the fastening process development and automotive industry
testing.
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Figure 1. Ultrasonic testing principle diagram
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Figure 2. Sketch graph of relationship between bolt tension and its stretch
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Figure 3. Bolt friction coefficient tester
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Figure 4. MC900 data acquirement instrument
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Figure 5. Bolt continuous twice tightening and loosening curve
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Figure 6. Bolt fixing graph in materials tester
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Table 1. Conventional method testing result validation
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5% 65.9 72.1 69.5 —5.18% 3.74%
10% 62.3 68.5 66.2 —5.89% 3.47%
20% 56.4 62.6 60.7 —7.08% 3.13%
30% 46.0 522 50.9 —9.63% 2.55%
40% 40.4 46.6 45.7 —11.60% 1.97%
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Figure 7. Bolt several times stretching and loosening curve
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Table 2. Tightening and loosening slope comparison of full-length threaded bolts
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RS SRR FAF KL /mm 1 ERR FERD ERE/V S
A M10-1.5-65 mm 40 0.149 0.146
B M12-1.75-52 mm 31 0.342 0.314
C M12-1.75-48 mm 25 0.345 0.332
D M12-1.75-74 mm 51 0.218 0.198
E M14-2.0-75 mm 50 0.322 0.289
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Table 3. Loosening calibration method testing result validation
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0% 81.0 81.1 -0.12% 81.2 81.0 0.25% 80.0 80.2 -0.25%
10% 71.2 72.2 -1.39% 72.0 72.2 —0.28% 69.9 70.0 -0.14%
20% 63.3 64.3 -1.56% 64.1 64.2 —0.16% 64.1 64.2 —0.16%
30% 55.2 56.3 -1.95% 56.0 56.2 -0.36% 55.9 56.3 -0.71%
40% 472 48.4 —2.48% 48.1 483 —-0.41% 47.8 48.4 -1.24%
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