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Multilevel Evaluation Method of Acoustic Frequency Spectrum in Periodic Pipe
Structure Based on Improved Radar Chart Method

YAN Yan'?, HAN Li-hong', LIU Yong-hong”, GUAN Zhi-chuan’, WANG Qing*
(1. State Key Laboratory of Oil and Gas Equipment, CNPC Tubular Goods Research Institute, Xi’an 710077, China; 2. College of Mechanical
and Electrical Engineering, China University of Petroleum ( East China) , Qingdao 266580, Chinaj 3. School of Petroleum Engineering,
China University of Petroleum, Qingdao 266580, China; 4. CNPC Engineering Technology R&D Co. , Beijing 102206, China)

[ Abstract] Acoustic wave is one of the important means to realize the fast and accurate transmission of downhole information. The
drill string serving as information transmission channel has obvious periodic pipe structure characteristics. In order to study the
frequency spectrum quality of drill string channel in actual working conditions, a multilevel evaluation method of acoustic frequency
spectrum based on improved radar chart was provided. The influence of axial tension stress on the frequency spectrum characteristics of
acoustic wave in pipe structure was studied and analyzed by the method, and the criteria for judging the frequency spectrum
characteristics were established. Practice shows that, the existence of tensile stress has a significant impact on the acoustic frequency
spectrum and passband characteristics. With the increase of tensile stress, the evaluation index of frequency spectrum characteristic
increases first and then decreases, and there exists a peak point with the best frequency spectrum characteristic. This method can
comprehensively reflect the influence of different factors on the frequency spectrum characteristics of acoustic wave in drill string
channel, and comprehensively evaluate the distortion degree of frequency spectrum characteristics from the multiple perspectives. It
provides a basis for optimizing carrier frequency and designing the installation position of repeater when dealing with multi-factors
interference in the field application of downhole information acoustic transmission technology.
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Table 1 Periodic pipeline parameters

S8 d/m p/(kg'm™3) ¢/(m-s7!) a/cm’?
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Fig. 2 Frequency-transmission coefficient relationship curve
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Fig. 3 Principle diagram of NC-OFDM
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Fig. 4  Sketch map of selection of spectrum passhand evaluation index
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Table 2 Standardized data of passband evaluation indicators

et o 0 17 33 50 67 84 100 117 134 150 167
MPa MPa MPa MPa MPa MPa MPa MPa MPa MPa MPa

K“L 1/6 1 0.9960 1.3850 1.3540 1.1500 1.1920 1.1810 1.1720 1.1500 1.1580 1.088 0

Kn‘U 1/6 1 0.966 0 0.9300 0.9690 0.9620 0.9740 0.9890 0.9890 0.9870 0.9870 1.0040

L] Ky 1/6 1 0.9480 1.0770 0.1190 1.0140 1.0500 1.0670 1.0630 1.0500 1.0550 1.0460
i Kp 1/6 1 0.9248 0.9126 0.9061 0.7647 0.5500 0.6546 0.5702 0.5581 0.4990 0.5389
Ky, 1/6 1 0.9019 0.9417 0.9515 0.9320 0.9223 0.8252 0.8262 0.8728 0.5233 0.2156

K 1/6 1 0.5942 0.5435 0.5125 0.4680 0.4907 0.5079 0.5033 0.4677 0.4359 0.4040

K21L 1/6 1 1.0900 1.1120 1.0900 1.0970 1.0940 1.0710 0.9600 0.9400 0.9620 0.9620

Ker 1/6 1 0.9620 0.9550 0.9590 1.0430 0.9590 1.0190 1.0240 1.0060 1.0220 1.1130

2 Ky 1/6 1 1.036 0 1.0500 1.0310 1.2430 1.0330 1.1480 0.9990 0.9280 0.9990 1.2210
i Kyp 1/6 1 0.8585 0.2949 0.2338 0.5905 0.5309 0.4267 0.3450 0.1240 0.3130 0.2770
Ky 1/6 1 0.9247 0.9081 0.8033 0.9586 0.8912 0.8979 0.8912 0.8878 0.8840 0.8810

Ky 1/6 1 1.6689 1.8947 2.0929 2.3579 2.2283 2.3633 2.3595 2.2956 2.2724 2.3377

K3fL 1/6 1 1.1029 1.1035 1.0731 1.0435 1.1302 1.0667 1.0723 1.0598 1.0633 0.9583

Ksz 1/6 1 1.1100 1.1600 1.1700 1.1500 1.1500 1.1600 1.1500 1.1600 1.1700 1.1800

w3 Ky 1/6 1 2.1940 2.4830 2.4250 2.1220 2.58 2.3300 2.2840 2.2650 2.3420 1.8710
Ksp 1/6 1 0.6500 0.1220 0.2260 0.8166 0.9385 0.8438 0.9491 0.9420 0.8083 0.8024

K3fp 1/6 1 0.9420 0.9321 0.8823 0.8725 0.8823 0.9542 0.9161 0.906 0 0.9022 0.8743

K 1/6 1 3.961 7 4.6949 3.3790 2.3622 2.2272 1.9317 2.0891 1.8339 1.6222 1.3482
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Table 3 Standardized data of spectrum evaluation indicators
:{ - 0 17 33 50 67 84 100 117 134 150 167
b MPa MPa MPa MPa MPa MPa MPa MPa MPa MPa MPa
K, 0.595 6 1 0.8936 0.9806 0.8459 0.8949 0.8817 0.8861 0.8713 0.8657 0.8031 0.7542
K, 0.2722 1 11063 1.0851 1.1017 1.2727 1.1799 1.2231 1.1730 1.1180 1.1480 1.2080
K, 0.1322 1 1.8273 2.0045 1.6825 1.4575 1.5541 1.4331 1.4623 1.4065 1.3677 1.1995
T4 AEELM N TR FE R INL S &R 88
Table 4 Comprehensive evaluation data of acoustic spectrum
I F1/ T A JEK PP LA TVHNE
MPa 1 A2 3 A WAl @2 A3 i WAl @2 A3 i
0 0.9842 0.5627 0.1774 0.6986 1.0000 1.0000 1.0000 1.0000 0.9921 0.7501 0.4212 0.8359
17 0.7948 0.7093 0.7175 0.8754 0.9887 0.9708 0.8254 0.9612 0.8865 0.8298 0.7696 0.917 3
33 1.0000 0.7270 1.0000 1.0000 0.9684 0.9112 0.7615 0.9586 0.9728 0.8139 0.8443 0.978 0
50 0.7833 0.7737 0.6105 0.7917 0.8990 0.8826 0.8225 0.9648 0.8392 0.8264 0.7086 0.8740
67 0.8117 1.0000 0.4116 0.8385 0.9710 0.9114 0.9154 0.9791 0.8878 0.9547 0.6139  0.906 2
8  0.7982 0.8651 0.4694 0.8126 0.9585 0.9055 0.9127 0.9759 0.8747 0.8850 0.6545 0.8905
100 0.8003 0.9450 0.3922 0.8019 0.9657 0.8907 0.9287 0.9807 0.8791 0.9174 0.6036 0.8869
117 0.7779 0.8861 0.4078 0.7762 0.9605 0.8737 0.9300 0.9793 0.8644 0.8799 0.6159 0.8719
134 0.7695 0.8281 0.3746 0.7332 0.9586 0.8492 0.9366 0.9824 0.8588 0.8386 0.5923  0.8488
150  0.6792 0.8450 0.3573 0.6927 0.9345 0.8775 0.9287 0.9763 0.7967 0.8611 0.5760 0.8225
167 0.6210 0.9352 0.2672 0.6478 0.9015 0.8780 0.9552 0.9731 0.7482 0.9062 0.5052  0.794 0
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Table 5 Comprehensive evaluation results of
acoustic spectrum under different stresses
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