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The acoustic telemetry technology while drilling has a greater advantage in the transmission
rate and the application of media than the commercial mud pulse mode and electromagnetic
wave mode .There are limits to the existence of the periodic drill pipe acoustic transmission
transmission model, which can only calculate the acoustic transmission characteristics of two
kinds of periodic structures and the acoustic transmission characteristics of the composite struc-
tures with arbitrary cross section, but the variable cross-section or various special-shaped drill
strings. According to the characteristics of the small scale structure of drill string, a small scale
model of the drill string in the data transmission is set up by using the theory of longitudinal
vibration of structures, in which the small scale vibration transfer function of cylindrical rods
with different variable cross sections is analyzed. According to certain boundary conditions, the
vibration transfer characteristics of drill string are obtained, and the simulation research is
completed.

Keywords: acoustic transmission; telemetry while drilling; small scale model; modeling
analysis;transfer matrix

ITorkazamo, YTO TEXHOJIOTHS AKyCTUYECKOU TEJIEeMEeTPUH B IPOoIecce OYPEHUsT KOMITO3UTHBIX
CTPYKTYP WMeeT OO0JIbIIOe IIPEUMYINEeCTBO B CKOPOCTH K CIToco0ax Iiepeaadyud JIAHHBIX I10
CPABHEHUIO C PEKUMOM JIEKTPOMATHUTHOM BOJIHBI U OOBIYHBIM METOJIOM M3MEPEHUsT KOJIe0aHmi
Oypa. PaccmoTpeHbl BO3MOMKHOCTA MeETOZa aKyCTHUYECKOHN Iepeaadyu TaHHBIX OYyPHUJIBHBIX TPYO,
KOTOPBIE ITO3BOJISIOT PACCYUTATH AKYCTHYECKHE XAaPAKTEPUCTUKU MEPHUOTMUECKUX CTPYKTYP H
KOMITO3UTHBIX CTPYKTYP IIPH ITPOU3BOJIEHOM ITOTIEPEYHOM CEUEHUH U JIJISI PA3JIMIHOM CITeINaIbHON
opmer cBepsia. B cooTBeTCTBHUH ¢ XapaKTEPUCTUKAMU MEJIKOCTPYKTYPHOM OYpUIBHON CKBAKUHBI
MOJesIb OyPHUJIBHBIX CTEP)KHEN PACCMATPHUBAETCS C IIOMOIINBI0 TEOPHH IIPOJOJIBHBIX KOJIeOaHUN
KOHCTPYKITUM, B KOTOPOH aHAIU3UPYIOTCS MAaJible IlepeJaTOYHble BHOPAIIAY IHUJIUHIPUIECKUX
CTepKHEeN Pa3IMIHBIX CEUeHUN.

Ananis MeTOILy aKyCTUIHOI TeaemMmerpil B 3acTocyBaHHSI MAaJIOTO
OypiHHA KOMIIO3UTHUX CTPYKTyp. Xaiumin Coee, Izin  Yocoy, Den  Yocan.
ITorkasamo, 1m0 TEXHOJIOrISA AKYyCTHYHOI TejeMeTpil y Iporeci OypiHHA KOMIIO3UTHHX
CTPYKTYpP Mae BeJIMKYy IlepeBary B IIBHOKOCTI 1 cmocofax mepemavl JaHUX y IIOPIBHAHHI 3
PEKMMOM €eJIEKTPOMATHITHOI XBMJII 1 3BUYAWHUM METOJOM BHMIDIOBAHHS KOJIMBAHBL Oypa.
PosristryTo MoskaInBOCTI METOMy aKyCTUYHOIL ITepegadl JaHuX OypUIbHUX TPYO, AKl JO3BOJISIOTH
pO3paxyBaTH aKyCTUYHI XapaKTePUCTUKH IIEPIOIUUYHUX 1 KOMIIO3UTHUX CTPYKTYP IIPH JIOBLILHOMY
TIOIIePEeYHOMY I1epepial 1 Ui PI3HOoI cHeIraabHol (PopMu cBepia. BIImoBIIHO 10 XapaKTePUCTUK
JIPIOHOCTPYKTYPHOI OyPUJIBHOI CBEP/IJIOBUHU MOMEJb OyPUJIBHUX CTPUKHIB POSIJISIAETHCA 34
JIOIIOMOI0I0 TeOpii IIOOBIKHIX KOJMBAHB KOHCTPYKIIM, B AKIM aHAII3YIOTHCA MaJil MepeaaTHl
BIOpAInil MUIIHAPUYHUX CTPUIKHIB PI3HUX IIePepPHUsiB.
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1. Introduction

The wireless measurement system has been
widely used, and the system which is used the
mud pulse or electromagnetic wave has been
industrialized application. Acoustic telemetry
while drilling using the drill string as the me-
dium for data transmission can be less affected
by drilling fluid and formation resistivity, how-
ever, the periodic variation of the cross-sec-
tional area of the drill string and drilling noise
can have a large effect on, while the rate of
sound wave transmission can reach 100bps[1],
which is much larger than the 3-5bps of the
mud pulse mode. The mud pulse MWD requires
mud as a transmission medium, can not be used
in air drilling and foam drilling and so on.The
electromagnetic wave mode is influenced by
formation resistivity, and can't be applied to
deep well [1-4].

The the size in the length of different com-
ponents of a single drill string has a consider-
able size with the acoustic wavelength, here it
is difficult to explain the transmission function
of the drilling collar to the longitudinal vibra-
tion from the point of the wave, at this point,
the different parts of the drill string mainly
reflect the micro vibration transmission char-
acteristics of the local structure, therefore, it is
needed to establish a model of acoustic vibra-
tion transmission based on small scale.

It can be seen that a cylindrical rod is in the
middle of the collar, and with the joints, thread-
ed and stress decentralized structures and so
on at both ends of the drill string , there are
lots of linear taper hollow structure. In the long
distance acoustic transmission process in multi
section drill pipes, the size of the thread joint
or the stress dispersion structure is so small
related to the drill pipe length or the acous-
tic wavelength that the influence on acoustic
transmission can be ignored. The drill pipe ta-
pered transition section are simplified sectional
mutation cylindrical rod to treatment[5,6]. In
small scale, the design of drill pipe model needs
to consider the influence of the tapered section
structure on the vibration transmission.

In this paper, according to the characteris-
tics of the small scale structure of drill string,
by using the theory of longitudinal vibration of
structure, the vibration transfer function of dif-
ferent cross section in drill string is analyzed,
and the small scale transfer characteristics of
drill string with different section composite
structures are obtained according to certain
boundary conditions[7].
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2. The establishment of transmission
model

The drill pipe is equivalent to a combination
of different cross section changing bodies, then
the transfer matrix of the parameters of differ-
ent independent structures is analyzed one by
one, which can be combined into the required
drill pipe model as needed.

When the cross section of the drill string
is changed, the elastic force on the cross sec-
tion is changed. If the quality of drill string at
dx 1s ps(x)dx, which subjected to longitudi-
nal stress, the vibration displacement of drill

string is & + d&, where d¢ is the displacement

increment, d& = g_éf dx, and the internal
x
elastic stress increment the drill string vibra-
2
tion is dF' = ps(x)dxaan. Because the force

in the drill string is balanced, the elastic force
increment dF on the dx part is equal to the
internal elastic force increment dF', which
cause the dx to vibrate:
0%t 0
s(x)dx ———
po(x)dx e~
The longitudinal wave velocity in the mate-
rialis ¢® = Y/p ,The formula is simplified as:
0? 1 0s(x)9é 1 07
52 + ( ) % _ —2—§ =0 (2
0x s(x) Oox Ox ¢° Ot

de=0 (1)

0
Ys (x) a—fc

A. The uniform cylinder structure

The propagation velocity of drill string
structure vibration v = a—f = joEe™" , where
a is the number of the longitudinal wave. As
shown in figure 1, the sectional area of the rod
can be expressed as s(x) =1 (Rz - Rg) = s, and

l

Fig. 1. Uniform cylinder structure
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the differential equation of vibration velocity is
expressed as:
0%

xZ

+Ev=0 3)
Can get:
v = Acos (kx) + Bsin (kx) = A, sin (kx + 5) (4)
The acting force in the rod is:
F = jpcs(x)[A sin (kx) —B cos(kx)} )
When x =0,

v, = A (6)
F =—jzB (7)
When x =1,
v, = Acos (kl) + Bsin (kl) (8
F, = jz| Asin (kl) — Bcos k)| €)

B. The equal thickness conical rod

As shown in Figure 5 in the ends of the drill
collar. The wall thickness of hollow conical rod
with equal wall thickness is

h=(R,, — R, )cosa (10
R R . .
Iftang = —2t = —»l — D the section radius
dl d2
of tapered rod is:
R, (x)=R,, + Dx (11)
R, (x)=R, +Dx (12)

The cross sectional area:

() =[R2 (x) - B ()] =

(13)
=7 (Routl - Rinl ) (Routl + Rinl + 2Dx)
0s(x
9s(x) =n2D(R,,, — R,,) (14)
Combined with vibration equation, can get:
2
o L D k=0 (15)
ax Rnutl + Rinl 8x
Soutd Ul y
2D
The general solution formula:
v(x)=Ad,|k x+£ + BN, |k x+£ (17)
D D
The acting force on the cross section is:
F (x) = 18)
7 _
= —jpcs<x)|AJ1 kix+ ||+ BN, |k x—l—% ]
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Fig. 2. The equal thickness conical rod

When x =0
v, = AJ,[M|+ BN, [M] (19)

F, = —jz, {AJ,[M]+ BN, M|} (20)
When x =1
v, = AJ, [kl + M|+ BN, [kl + M| (21)

F, = —jz, {AJ, [kl + M|+ BN, [kl + M|} (22)
among them:
M:k%, z = pcs(O), z, = pcs(l).

According to the working conditions, consid-
er the following boundary conditions:

1) if F, = 0, the output under free boundary
condition:

F,
Zy, =|M,| == (23)
2 1R=0
1 v
H, = ‘M = |2 (24)
21 1 F,=0

Among them: Z,, is the structural vibration
transfer impedance relationship from input to
output; H,, = (Z12)71 is the transfer admittance
characteristics for structures.

2) if v, =0, the output under fixed bound-
ary condition:

F,
Zy = ‘L == (25)
M [%
12 1 0,=0
F
T, ‘ -2 (26)
M22 E Uy =0

Among them: T, is the transfer force ratio at
both ends of structure under fixed boundary con-
ditions; Z,, is the vibration transmissibility im-

pedance relationship between output and input.
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3. The comparison of simulation
experiment

In order to verify the validity of the solution
of the vibration equation and the transmitting
method, using 9 standard drill pipe assembly
model of Douglas, then calculates the charac-
teristic parameters, analysis the change rule
of the vibration with frequency in the drilling
string [8-20].

As showed in figure 3 and figure 4, the vi-
bration response curve calculated by the small
scale vibration transfer method is compared
with the sound pressure transfer curve, which
is calculated by Douglas finite difference meth-
od, in 850 ~ 1300 frequency bands. Two conclu-
sions can be obtained from:

a) The results of the two methods agree ex-
actly in the frequency domain.It shows that the
transfer performance of the structure to the
force and velocity is the same, whether the ex-
citation is force or speed, the two transmission
parameters are completely consistent.

b) In the band-pass frequency domain, the
resonance peak number and the corresponding
frequency point position are completely consis-
tent in the structure. The transfer coefficient
of the small scale vibration model has obvious
sawtooth peak, and some value is greater than
102 order, but there is no such calculation result
in the finite difference model, the maximum of
the total transmission coefficient of which is 1.
It shows that the structure has amplification
effect on the vibration transfer, which is caused
by the periodic expansion of the structure. The
small scale vibration model is more accurate
than the finite difference method.

4. Simulation experiments under
different output boundaries

When the output boundary end of the struc-
ture is free, the transmission impedance curves
in the passband of 0-5kHz are shown in Figure
5. In band stop band, the higher transmission
impedance leads to smaller vibration at the
output.In the pass band, the transmission im-
pedance of the structure to input vibration is
lower, the vibration to the output end is larger,
while is under the same excitation force, which
forms the vibration peak value.

If the output is in a fixed boundary condition
and the structure is under speed excitation, the
variation of the output force at the frequency
1s opposite to the structural vibration transfer
impedance under the free boundary condition.
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Fig 5. Comparison of structural transfer imped-
ance under two boundary conditions

It shows that the larger transfer impedance in the
structure, the smaller vibration displacement of
the output under input velocity excitation. If the
impedance of a frequency point the structure is
small, the vibration displacement of the output
end is larger under the excitation of the input
velocity, while the output is just under the fixed
condition, so the force is larger.

Conclusion

In this paper, the vibration transfer equa-
tions of variable sections of drill string are ana-
lyzed, and the indexes of vibration transfer pa-
rameters of drill string under different bound-
ary conditions are obtained. The characteristics
of the small pass drill string vibration transfer
method of this paper are compared with the
traditional finite difference method. It can be
seen that the structure has amplification effect
on vibration transfer in the method, while the
small scale vibration model is more accurate.
By comparing the structural transfer imped-
ance under free and fixed boundary conditions,
it can be seen that the structural transfer fre-
quency is completely consistent.
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