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Simulation and experiment of acoustic wave transmission in short distance drill pipe
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Abstract: Short distance acoustic communication technology under the oil well is the key to transmitting
the borehole information measured by the near-bit sensor to the Measurement While Drilling(MWD). In
order to explore the transmission characteristics of the sonic carrier signal in the short—distance drill pipe,
the finite element method is adopted to establish a 1.28 m long drill pipe model, and an excitation load
with a frequency of 20 Hz and a duty ratio of 50% is applied to the drill pipe to simulate the calculation of
the radial receiving point response of the rod and the characteristic frequency of the drill rod structure.
The transmission characteristics of the acoustic wave in the short distance drill rod are analyzed as well.
The results show that when the drill pipe is subjected to an excitation load under the initial conditions, the
acoustic signal at the receiving point of the drill pipe has an enveloping curve that decays exponentially,
and its interior is a cosine periodic signal with gradually decreasing amplitude, and finally stable at a new
equilibrium position; when the drill pipe continues to be loaded, the acoustic signal will continue to decay
on the basis of the previous steady state, and eventually decays and stabilizes in the initial state. The
simulation results are in good agreement with theoretical analysis and experimental results. This work can
provide basic model for the simulation of sound wave transmission in multiple drill pipes.

Keywords: acoustic transmission; short distance drill pipe; finite element analysis; characteristic

frequency

e T 0 BT RGO L S BT T b i Sk A R AR O R 04 IR B A% i 2 B B AL (MW D),
dEi A EE S . Had T, TR FES MWD ZFER IR ARG IEE IR . B8 MIFRER
Bl S P, ORI, LR R — R RRE . SR O e R R £ AR L G T S ik b
Wi BET: 2020-02-18;: fEEIHHA: 2020-05-17
EE&TH: ERARLETERAR SR (51704238)

*J‘Eﬁﬂfg: MM, email:wbcheng@xsyu.edu.cn




55 6 3] B HEE: EhEEHTHhEEEHTESLR 1087

RIT P  90 30 15 A2 il 2SRRI o P A i R T RE A ) SRV R A O BRI AR S, EAT I T AR R A
Wiy, B AR UG L I PSR SRR A, TN R R JE R AE B AL O Y 4R AT i O i ). Tatiana B
Mironova &5 Ak B 4Ig 211 75 2% 45 T8 A5 1 ) A BR T H AR AT DURSEHDLAE T8 A0 i 3 7 2 ek, 2 H0 BT AR Y L 19 R RDBUY A5
AT PR TTRI RS, T ASLA0L A 285 b g i sl i 22 ) 0 45 30 7 AR ELAE T, O S S 9 6 O E S 9% vk i IE AR T
AT A A BR 22 20 B BT T AR 4R Bl i 1A 0 i sl VR T, Al 1) B IR S A A e 07 EE T T RLAS E
ML) A A S LA FE i 2 TR P, Andy Hawthorn %5 A6 75 2% 3 M 90 2% 7 Bh . [ H 58 H: o 42
A Sz B TR R A L D TR S O R )2 R R O B A R L O N T 8 191 U8 WD 7 A I 2 T
Michael J Kingan 25 A4ty — 73 4 J0 FRA [84E 45 0 76 3 A/ F T i B 69 A 80007 %, 17 20 A 0 A o sl o 9
Jil 5 | () 5 5 A i . K Pelekanakis S5 TF 57 AR Bl AT oh 4 i 06 2 4 B8RS T A B R, R AR T BRI
F 3R A TR BT b R AR AR R M e, R AL T HEIS IR E IR I B, B A A
SR FF LA O DB D AR R L BTN T — RO T R P I R R R BT AT R B AL R R R R DYy ARk A
N T A S B Bl P R O £ O B ) R i U e L S T 5 S B2 S AT AR P D A 4 R
S S0 K A5 ASE S B AR 5 K P IR R S A A e i e U s TV AR AR B R oD DAL
FEPEMNRU b SOk S X 7 AR R A R R R R G RUR RO R S s R E R AT A, A
X P A DAy A A 5 A B B R v A R LR ) SCHIR IR AN 22, AR SR I AT R T 126 5400 75 30 7 i A b £ i 1)
Ao 2 I X A i R P R AT S R 5T

PR SO S AT R OT A S ST R AT AR AR R Y, BT B e o A T BT b AR Y A RS S, OF
O HT R PP S AR AT AL AR, O BT R DAL 4R A R AR

I FEiRAET PR
L1 $#FZRBEEERS T

BT W 5 52 B R e B VR T, e RO FO = F(E+T) , T o9, Gl B e K P BN
o HL - KA

F(t):%+z:(an cosNat + b, sin net) (D

n=1

A wzzT—nﬂﬂﬁﬁ%ﬂ?ﬁ; %7’{1 F) F341E; a, :%J.;F(t)cosna)tdt ; b, :%f;F(t)sinna)tdt, n=0,1,--.

1.2 &HEE

25 4 BEL JE J2 52 WR) P I T Bl T v A% a3 g e o Y R DR R, SR T B ) BELJ R il A 2 A R B E PR o J
M) BHL Je A5 TR AR i B JE Rk ¥ 55 28 00 o R ¥4 P00 O 38 R A S LR 081, 3 o R A O R R R Y M G R
C=aM+pK (2)
X C M KGR . B . WA o, B R EGFI e 280
At ] J | BELJE B BY 19 22 A oh 3 R 80 3 7 RE A , nT A5 B BHJE Lo 5 A 22 ) 1 G AR o A 2R B A BELJE L 41
Ffa,p, BOEAG WA FERB A A SR BT KRS b, P4 Y BELTE LA A K BT 73 S A 45
B, AR B R AU
05:50“’0aﬂ:i ()
@

KA o ARGIN; & o0 REIR Y B BELE L
1.3 i 2 o 46 A T 85 4T B9 4k 3h e iz

75 AR S LE BN AT PN BB AL 1E 0TI\ A R 5 37 B A T 28 far 48 B e S A B R R B IR B, R R SRR R
55 o
BikF Az R R —F BB IR S, RERNUT H RN
d>x  dx
mF+CE+kX_F(t) 4)
K x HESURAOIRNNE; mAiia; cHBHERE; Kk ARIEF %



1088 KMZMESEFEEFR %19 %

ARG EM . Mt=08F, x(0)=xX,,X(0)=% o KR (ICAR(4), AT1FHF 75 A5 S5 H20 5 0047 52 5 it )
RFRAN

xm:eﬂw%mw4+ﬁif%%m%n+i—fHna““km%a—ﬂm- (5)
w, ma, *°
A wz\/% R TCBH T 2 G5 1 A [ A0 3R (RRE 45K ) £=ﬁ%ﬂ3ﬂ@tb; w, =N1-&> o NH BLJE 2 45 [ 4 5 5

R, BN radls 5 xo S HIRD UG A5 PR I AE B LR8BG o S A T ]
M)A, RS B HAT VR R, G088 e R s M Ak 5 08 gl BAT — 2% B4R 0P 2R 0 £ 45 1l
2, HL PN ER O R (E T2 R 0 R R SR R A s S R G AR 2 A T AR T, 5 B W L A 2 A AR A RE Al b 3% T 5

b L OR 22 A 271 B S A7
W, I TR WD UR A 6

2 ; q:l a& ﬁ ﬁ -F ;;EL EE —%— %ll_i 1::F F=':l=| iE 1% ?HQ'I ﬁ-t Hﬁ %‘é E | signal generator | | constant current regulator |
v 1
PRI B MWD 5 T 2 A 75 U A S, | excitr | [ piesocloctric sensor |
BOERFTE PR A B S AL, WP 1 TR, it YEI311 \l t
(25 B B8 R R [ 2 B JZK-2 AR B8 A2 1 O R 7 A P Vo it il e
Sk 5 AR A E I — B E AR AR 9 CA-YDI86 T L i i % 8 /

i S TR S5 S RE LRSS, 4 YE3826A fH ik - o ,
NN o . . o ig.1 Schematic diagram of test device

Bic #8505 5 BOR UE B 5 R P A o o RER LA 20 Hz B9 7 I AH 5 0K BRI R

SR A R, KB A 2. o .

3 MEHTTHTERERAERTHE

3.1 AT ER %
S 55 3 T R FH ol 287 MDA S O AL AT S R
PEEAT . KRBT R A i R SR AL, TR AR 2 A TR RILE
RYE, B A T R R, il COMSOL 4 T A H k%
] 75 90 A B AT TR A ) S A, BRSO E LR 1 o
D5 FCE, AERGFT Ssh SEIRR f =20 Hz, HZS N 50%, I Fig.2 Measured waveform of the actual sound
6] t=1s B9 JE1 30107 B A, b A 5 T BB FT b A% 1) AT receiving point of drill pipe

2 SEMNABAT P IR B Y
1 SRR R
Tablel Physical properties of short distance drill pipe material

length/mm external diameter/mm inner diameter /mm thickness /mm___density/(kg-m™) Young modulus/GPa Poisson ratio
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Table2 The first six orders characteristic frequencies of the drill pipe
modal order number 1 2 3 4 5 6
characteristic frequencies/Hz 1065.2 1075.5 16474 1651.3 1907.9 1971.5
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Fig.4 Acoustic wave propagating in the drill pipe
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Fig.5 Displacement response curves of the acoustic signal reception point in drill pipe
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