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Effect Factors Study of Ultrasonic Measurement Technology of Residual Stress
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(Beijing Spacecrafts, Beijing 100094 )
Abstract Aiming at accurate measurements of residual stress caused by further improvement of service life and
quality of large space station, factors of affecting measurement accuracy of residual stress and calibrating methods were
studied. Based on theoretical analysis of temperature , surface roughness and transducer coupling state, measurement
errors caused by main influencing factors were tested. Results show that temperature variation, surface roughness and
transducer coupling state may cause large measurement deviation. In order to improve ultrasonic detection accuracy of
residual stress and reduce measurement errors, modification methods such as compensating temperature, correcting surface

roughness sample, optimizing coupling agent should be introduced. This study can provide a technical reference for

application and development of spacecraft cabin structure ultrasonic residual stress measurement.
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Fig. 1  Acoustic time variation curve of 60 groups temperatures
of SA06 aluminum alloy
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Fig.2 LCR waveform of aluminum alloy specimens with three different roughness surface
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Tab.1 LCR waveform information of three different
roughness surface

HUBERORAS (3Bl /ws B REREES /mm  LCRYZPLIE R /mV

I 13.86 76.1 3527
| 13.88 76.1 3356
I 13.89 76.1 3247
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Fig. 3 Photos of raw material surface
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Tab.2 LCR waveform information of different roughness

surface
HELRS FEAR It 1] fEREHE 25 LCR I I 6 Fiy
RAS s /mm /mV
1 13.86 76.1 3527
v 13.86 76.1 3477
\% 13.88 76.2 3052
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Tab.3 Acoustic performance parameters of common media

7K 1 1483 14.8 0.444
HLih 0.95 1250 19.23 330
Hh 1.26 1923 24.3 0.27
GG 0.0012 330 0.004 11
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Fig. 4 LCR waveform with engine oil and glycerin as coupling agent
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Fig. 5 Operation diagram of LCR transducer with different pressure block
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Tab.4 LCR waveform information with different coupling

strength
Ji%° 35 A%t 8] LRI S LCR B0 L e
/kg /s /mm /mV
0 13.83 75.8 3262
1 13.79 74.6 3368
2 13.78 74.6 3377
3 13.78 74.6 3377

®5 FRANEHRIERE

Tab.5 Operational deviations by different operators
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Fig. 7 Calibration diagram of bidirectional stress coefficient

measured in parallel loading direction
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