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Bolt axial stress measurement method based on ultrasonic
coda wave interferometry

Liu Junlei, Chen Ping,Meng Lingchen, Long Qian, Yin Aijun

(College of Mechanical and Vehicle Engineering, Chongqing University, Chongqing 400030, China)

Abstract: Aiming at the issues of limited acoustic path and insufficient accuracy in acoustic time-difference extraction in ultrasonic
measurement of axial stress for high-strength short bolts, this paper proposes a bolt axial stress measurement method based on ultrasonic
coda wave interferometry. An axial stress measurement model for bolts based on coda wave acoustic time difference is established, which
enhances the siress sensitivity of the time difference by extending the equivalent acoustic path length. To effectively suppress
measurement errors induced by coda wave interferometry, an adaptive threshold extraction algorithm was proposed based on a linear
interpolation error model. With the objective of minimizing the maximum error and thereby substantially improving the accuracy of
acoustic time difference estimation. The formation and propagation of internal coda waves in bolts are investigated via finite element
simulations, and the results agree well with the theoretical analysis, thereby supporting the coda wave interferometry-based measurement
model. An ultrasonic experimental platform for bolt axial stress measurement was constructed, and comparative calibration tests were
performed on multiple sets of bolts with different materials and specifications using both the proposed method and the conventional
ultrasonic measurement method. The results show that the proposed coda wave adaptive threshold method exhibits better linear fitting
accuracy in the entire stress range, with step-like distortion in the low stress regime essentially eliminated and measurement stability
significantly improved. When applied to high-strength short bolts, the proposed method achieves an average measurement error within
5% , representing a clear improvement compared with traditional methods (with an average error of approximately 8% to 10% ). This
method enables high-accuracy measurement of bolt axial stress using only a single contact longitudinal wave transducer, avoiding

additional sensor configurations and complex experimental conditions, and thus offering strong engineering applicability.
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Fig. 1 Diagram of ultrasonic reflection and mode conversion

of obliquely incident waves
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Fig.2 Diagram of the propagation path of the internal coda

wave of the bolt

HRRER A 2 WO A BN, 5 i T 1 4 ) e
LK a, BRI S Pl SMBERL I AN b
(R i) A PR BE ) A A 22 IR S IR AR 4, oA b 2R
S— L A H A i AR B T A B AR RS T 0 B 3
LRI A RS R T 90° , AT ALy HL I 44 4l e 4%
o ML, PERE— RO MIBE RS A #0237 A 30
) R R ND i, XS AR R P AR BT S
L2511 s ey el = R I N T N W 0D 2= g
Pl 3 iz WA fA P 3B P B A5 5 e B 2 1 e A i A
15 /Y BT, IF S B — 5 1 R S PR RRAE

05p
LTI T2

2
o o ™
E

-0.5 1 1 1

0 2.0x10° 4.0x10°
B R /s

P 3 R A [

Fig.3 Time-domain ultrasonic echo signal of the bolt
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Fig.5 The meshed finite element model
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Table 3 Parameter calibration results of acoustic time difference method
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Fig. 11  Fitting results of energy attenuation coefficient method

LT 1) Sk 2 i AR ) 10 R 5 T DB, A AR
JIFEME (0~200 MPa) P, BEft I 58 5 B ) B 4Rk 5C
F , H I ZRPR B B B B ORI R, A, SR IR

PR (o, (o) = B,o+C, ) XM SR BTG, FobrsE
UK 4 P . R IS R IR LA A5 R A 12
v



252 & L £ ¥ W

47

R4 BRERBREESHRESER
Table 4 Parameter calibration results of energy

attenuation coefficient method
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Fig. 12 Fitting results of coda wave acoustic time difference method
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Fig. 13 Fitting results of coda wave adaptive threshold method
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Table 5 The stress measurement results by different methods (MPa)
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