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Abstract

In laser Raman detection systems deployed within drill pipes, the longitudinal vibration of the drill
string inevitably affects the stability and accuracy of measurements. To address this issue, this study
investigates the longitudinal vibration characteristics of the drill string system. A finite element
model of the drill string was established, and modal analysis, harmonic response analysis, and tran-
sient dynamic analysis were carried out using ANSYS. The results indicate that the natural longitu-
dinal frequency of the drill string decreases with increasing drill string length. Furthermore, both
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increased bit pressure and longer drill string length lead to higher longitudinal vibration ampli-
tudes. These findings suggest that it is necessary to implement vibration damping devices to miti-
gate the adverse effects of longitudinal vibrations on the laser Raman detection system.

Keywords

Laser Raman, Testing While Drilling, Longitudinal Vibration, Transient Dynamics Analysis, ANSYS

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

W G U 5 AR A At 0 IR T B IR MR TR MRS R TR i T A BN AR R BT 1]-[3]
FESEPRB R RE T, DB RGIRBD AW T RE = 51U BhEL . R AR ah &, ORISR RSN IR T
TE[4]o F T HEAE KR 2R 5 SRR R4 B B R IR AR, BB RIS A E R TR F (5] K
Ut Haiming X £5[612& T B A RFVE U0 FCIEIL 05 B i, MR BAEIRSISEER, 70 dfr 7 e B Bl
BALmIRER . BR[712E TR RIRNGE LR, SRR A RS0 AR R AR TSt T —Fh
FERE P IR BN AL A% SEI I 59 o Moraes [81558 NI ST BAT BT 5 (K DU [ B2 AR 63 IRl A A 1 IR s
M, TR S R R R, AR Sk S A A R O AR A i oM R A O 17 25 ot A A
YEM o Tian 5[5 i — A TR TR, 6 7K-P B4R Rl R RS H 80 Jr 2R W, e 1 AL
. Sunit K S5 [ 1018 AT 78 e Al H AR A B AL & AR sh 2, SR AR S SO B A 2 ik
DIE AR AT DU 21k 7 SH L Bl 5 70 22 AR R B rh . Yang SE[1THRHFRME TH . &2
IR B B A B0 7 2R R R T H AR A0S o« Chen 5[ 122 V7. 1 48 K5 LA B R A3 M HILAR AR 9% (K188 & = 50
SEH T R Rl Sk A 1 782 5 Bl Sk e A BERORIR NI2 B 2 5 07 ik, Hig T AR BEHE S AT IRl
2o Liu ZE[13 1A 316 38 LA BRICE TR, Al 17 9% 50 9 B PELRE i PR 2K B o A 15[ 17]
M T AR S B REY, JEXT R AR R AT T . M [14] [15] 5588 LB AE -
HASIRSECARR, HEFMB 1T RE, e SHEA AN 4 A2, BRIAF ST
SR ERFER AR ARG . FET BN IR, L T IR A G R AR RS S R AR, Jf i
ATEAER I S o Bt T Bl AR I AR I RS S RS B 17 R, JF A R MR AN I B 2 ) SR A e
S EEAN B JE A 2, LSBT BT R 4R 30 0 [ A7 A0 o M KA AR s 191880 1 — R AR iR 4 »
ARSI 51K FEALRS . WAL WRAEIE AR N Rl ™ A Bk AR Tz e J1. R5E[20]5 AFI
TR 358 10 TE DI 2R A DL R BT L5 0 S I B2 X (B 5 T T — R IR A I BE SRR R IR R 48, IR BRI &R Gtk
A7 J1 A% 3% A A RE W B IE W 2B IR 45 7 B 00 T B B RMFRRBE /) o AR M2 AR WA [21] 58 N it
T RIS = RS A DURRA B SR B AR = AT M SC T, AR R AR
FERETCIE, PIDIIEARBAE IR T, KB =ANTr IR AR . &P [22] 800t 17— fa] 2l I A0
PRE%, A2 AR 3R E R e B 4E RIS R BAT IR A 22 0 . WRAIR

PO 2 I 2 AR B AT TP AN R Gt 2 32 BB RO ARSI, LA SO B AT R SR AT A
FRBIRFPE M, N BB RS R B, (ROt S AN B A T IEH TR A HE W
SOE

DOI: 10.12677/met.2025.144041 418 IR N ST N


https://doi.org/10.12677/met.2025.144041
http://creativecommons.org/licenses/by/4.0/

TN

2. thEY EiREFE S
2.1. BRTEREST

FETRESCET, B TR, HFTAERRRE, LA IRITAHroufi sk Bk gt v
Bk ASONRALEFERR, SEINTHERCR, RS RGA RO 2 /T, 32 LR

(1) BHHONENE. FVERIEAT, A5 BEEE . B RONURE B J fSome, 20 T S

(2) AN REIR L A5 AR 45 55 FLAt O ST IR R 5

(3) M Bl AR B R Ao — AR R R L

2 R8BI s (it AT WO hr @A B A& TITTHTE 4500~5000 KGRI LAE, BRIUL g S ekt &k 1
PR BT EREBESE S JNTE 2 s, ] ANSYS f LB HEREAY

Table 1. Shows the combinations of drill rod lengths and drill collar lengths of different lengths
F 1. ATEKEMNSATKERMGEKEAES

BREAC I (m) BEFF A (m) BHEE R (m)
500 410 90
1000 910 90
1500 1410 90
2000 1910 90
2500 2410 90
3000 2910 90
3500 3410 90
4000 3910 90
4500 4410 90
5000 4910 90

Table 2. Drilling rod and drill pipe parameters
=2 HFHEFEY

SRR ZHAATR
BiFF4ME (mm) 127 B N 4% (mm) 108
EREEAME (mm) 159 EEHE N 4% (mm) 71.4
FYERLR E (Pa) 2.1 %1011 HIAE v 0.3
iR L p (kg/m®) 7850 ARG 22 2R ) 7 A W K 9.8 x 106
£k i & (kg) 100 M RS H(kg) 6000
B B (kg/m?) 1200 770 B (m/s?) 9.8
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Figure 1. The longitudinal natural frequencies of drill pipes of different lengths
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Figure 2. The vibration curves under different periodic forces at 2000 m
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Figure 3. Vibration curves of the 5000 m drill string under external forces with different periods
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Figure 4. Displacement vs. time curve for different nodes of the 50 KN drilling column
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Figure 5. The acceleration change curve over time for different nodes of the SOKN drilling column
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Figure 6. shows the displacement curves of the 80 KN drilling column at different nodes over time
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Figure 7. shows the acceleration at different nodes of the 80 KN drill column varying with time
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