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ANALYSISOF TORSIONAL AND LONGITUDINAL VIBRATION OF DRILL
STRINGSUSING EQUIVALENT NETWORK
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Abstract: Ignoring the influence of damping to the vibration of drill strings, the equivalent networks have been
given out for asingle drill pipe or more of the same drill pipe according to the one-dimensional torsional and lon-
gitudinal vibration equation of adrill string. In accordance with the series connection equivalent networks, con-
sidering the boundary conditions of the drill string system, the equivalent networks and mechanical equivalent
impedance of torsional and longitudinal vibration were derived, and then the principles and methods for deter-
mining the mechanical resonance frequency of torsional and longitudina vibration have been given by using the
mechanical equivalent impedance. The resonant frequencies of two drill string systems were calculated by the
equivalent network method and ANSY S finite element method. The calculation results indicate that using the
equivalent network method to calculate the resonant frequency of torsional and longitudinal vibration of a drill
string system is an effective method. It is easy to use and its calculating results are same with those calculated
by the ANSY S finite element method.
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Fig.1 Schematic diagram for torsional vibration of drill string
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Fig.2 Equivalent network for torsional vibration of single
drill string
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Fig.3 Equivalent network for torsional vibration of drill
strings made up of n-drill pipe
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Fig.4 Equivalent Network for torsiona vibration of rea
drill strings
13 $hiE e iRz B %
BRAT ARy p, SRPERIEY E, Bl
FERARIAUA A, I —4EBLEAT B AT HE 5 H A
FEO T Pl ) sl 5 RE A -

X (x,1) o 1 (%)
ﬂtz - p2 ﬂxz (1)
P SO ABFT A PREN A AL B Vp W3R T B
BT PR e AR AR o 5 5 BT P S 3 O A%
#,N?mﬂﬁ% TﬂnmﬁTﬁTﬁ
— P
F,= Jsmk | (>& L)+ Vv Atan—ook
E:rv (%+%HHVAM#I£ (12)
jsink,l 2

s ke=2nfIV K5 T BT N DB Fie s
R R F R AR T BT AR D S
PREE. iR 5 @A, 5 BUEFT
SN Mi 1 MRS RS i L 4y
SN Py B RIGLREN RO, | o & RS R,
DR A 1) 90 3 100 25 28 0 % LA L 4L R 3 A
WAL, S50 4% B vh &3-S 50 b
ARSI Vo kR 1 FIURRSIN R Vo ko
A BRI

YR RE BRG] S I SR AR, 6T
A% JE I R TR EOIRAS s B E L 2 1 il
GRAAERE, X 250 4% 2 A IR A o 5B



232 €T Ui

h %

BiIE TR, AEAR IR M 1), AL i ] o 4
FEAAE . B T8 S I HLECEE B B Zom
Rt j Xmy WB AT R GER AN N, FLILHRA A
X TS A AT U T Xm0 IR, RT3 R
AR TTRE N«

Imag(Z,,,) =0 (13)

2 FhEHIEMNEIRAE RS

B A IRk ny g, Bl R GE A IR BRI I 4
SNSRI A I R T D 4, IR T
HikE RRSH . ARSCEE VA I FHAR A 0% 5N
p=7850kg/m?* , N 3k AL H EE V,p=5050m/s, #
BEH R Ve=3100mYys, AEFEILE S HULE 1.

R1 HERSREHESHEED
Tablel Parameters for vibration system of drill strings’®

Jodre dga IO ESFPRIEEBERCTE . Ags Ac A BAT FIAS
PERSBRIMAR: 1oy | BT AR BERR AT R AR . RS
:(15)~ 3 (16) v 5t IL AR B R 7] 3 30 (P AT LA
RN 2. S 2 AR RE S
££ ANSY SRR 5 B 78 SOLIDAS £ 37 3D KA,
AN PEVE R, BEATIEWI N AT, AR TR PR AL
Pl POST26 1 r] 15 2 ikt 28 SeAIL iR s) A2 i) i
SRR, AR EUR K 2 o, ik 2]
LR 9 55 20 0 20 73 Wi v 2t AR R G 1L Ak sl
G\ sl i LA T R (15) L U(16) 3K H 1 i
Bz 5 ANSY S iHE 4 RIEAY) 5 .

R2 BT+ hERFHERN SN EIRNIERTIE SR
Table2 Mechanical resonance frequency of torsional and

longitudinal vibration of drill strings made up of drill pipe and
drill collar

75 g K /m ShEIm BEJEIm HILHE YR 2 IR A% fIHZ Y\ s 2 ISR AE fIHZ
1 Pl 4x10.0 0.8 0.4 EPCESIR ANSYS 4}t e CESIR ANSYS &5
2 GIEE24] 3x10.0 0.3 0.15 3.90 3.93 6.65 7.00
3 KK ek 1x10.0 0.8 0.4 26.70 26.84 42.95 43.03
4 HikF 180x10.3855 0.1397 0.01054 34.70 34.93 56.65 56.99
5 HikF 100x10.5175 0.127 0.0095 56.90 57.38 9.5 92.03
6 I AT 3x10.0 0.127 0.0251 65.65 66.24 107.00 106.92
7 it 5x9.774 0.1650 0.04678

21 ShHT +EREA RS R R ARSI R
WL 1P 5 5 R 7 (ETFFRIAGHE 5
WRA A FE RS, FLAER 2% 0 1] 3 B DU i ) 4%
PRI 2R IR, 20 A 2 i ] 2 )34 5 4 PRI, U
TR B USSR L TR s -
Zm - Z71 + (ZSJ. + Z52 + Z?l) ><Z72
Z51 + ZSZ + Z71 + Z72
e Ry R (A3) T Jn, M R A e e s 3L s
I, AL T R

(14)

22 H$hHTIEPIMREFRFERRNEMNITE
Bl I TRE S B A RE R SR S BN & LT
N BT RGE R AEN USRI, B S BH ST
RERBA(13) 0 F, eI S Pl A R G
PRBIAN IR BN AE OHz—5Hz 3 FEl P (R HLBR I 3R 45
FWER 3. M52 AMHFMSH, £ ANSYS Xt
SEhREEFE RS SOLIDAS ik fiocidkdT 3D 4
B, U N2 M 45 BB AR R Ge e R sl Rl m 4 5
MU T S 45 3R 3 . tha& 3 Al
FH ST 45 H 10 55 285090 6% 40 BT 925 3K HR IR A &R e

. 2B kJ (j_ . _ .
28" eN—=>"== ARSI RS LIRS 5 ANSY'S 447
ksld Id k] éﬁ%*ﬁl, Hﬁi@([S] EPL*]\KHEEE?%%E{%&Eij
o d e SN \ o
M Gk, e TS B A
15
| tan m&- Iy +1_tann K. e (15) #F 3 LRRMERGEHERSD SHDIRDIEIRMELER
d 2 sinmky, ¢ 2 sinnkd, Table3 Mechanical resonance frequency of torsional and
N e NI E S T Ty longitudinal vibration of Real drill strings
ekl 6 HUE SR A R 1Mz Y IRE RS f1Hz
2§n2g1;°+: SUM%E  ANSYSHE  SMM4E  ANSYSZEH
€ 2 0.279 0.276 113 111
k.| k.| 0.692 0.685 1.99 1.97
p'd A p'c
A, tanm 5 " €nmk +Atann 5 122 1.20 2,82 284
pd 173 171 353 355
A, tanm kpld ) Ay + A tann kplc ) A 2.18 2.20 452 4,50

2 snmkly 2 sinnkl,

(16)

23 MEXERFIEAIZIE
BAESREh I RE S, SRS A AR 2 3 B A



T ®

i

2% 233

PRNIRGE, WUMGEARIE R0 TR RS
RSk I, e S A R AT IE B I, RV {52
FEAE LB I B AE R SE LS SRR . 3 EL o=
2nfo 7 TG BH e I B AR R GRS 1 [ A R 4%, b
RN T, % R BB AT e sl il R b R FELE AT
BN, BN b <wg, BEEER G AN B PR
B, TR % R BH S5 R 8 A LB R 435 ]
i g

f _\w-b? _J4n’fZ- b’

2n 2n

B AECEARH R AT b I, RIS A Rk 45 73 #
ORI IIHUBOEIRITER fo, ARAKX(Q7)R R ETTA
BHJE e AT 2R G ORGSR AT %

3 #Zig

(1) SRR 4 A S Tl Sk P (R BT
SERBHT, I e IR T R Al SR H L AR S AT
Ie) e Bl AU P

(2) FIRISER M & o3 M idi iy (1 Bl R e P )y
ARSI T R S ANSY S 7
BROCIE BB 45 RAN & o A L I A HLARE
PRl @70 T e I I LGRS IR fo 18
IEJER .

(3) FFRLI L ST — AT A R AL R
G ARSI AN e s oM vk, HATEM. i
SR, S S T3 T vk AT R o
% ARZEDETTE

S K-

[1] Sampaio R, Piovan M T, Venero Lozano G Coupled
axial/torsional vibrations of drill-strings by means of
non-linear model [J]. Mechanics Research Communica-
tions, 2007, 34: 497 —502.

[2] Raymond David W, Elsayed M A. Anaysis of coupling
between axia and torsional vibration in a compliant
model of a drill string equipped with a PDC bit [J].
American Society of Mechanical Engineers, 2002, 2:
897—904.

B8 &7+, BRE. DA FTER Sk R[], A
£EK T2, 2008, 30(2): 1—09.

Li Zifeng, Liang Erguo. Research and development of
drill string mechanics [J]. Qil Drilling & Production
Technology, 2008, 30(2): 1—9. (in Chinese)

[4  R¥Ete, Dby, SUEW. BRI RSN H ).

A1 23R, 2000, 21(3): 73— 76.

(17)

(9]

6]

(8]

(9]

[10]

[11]

[12]

Wu Zebing, Ma Dekun, Kuang Chunyu. Simulation of
drill string’s longitudinal vibrations [J]. Acta Petrolei
Sinica, 2000, 21(3): 73— 76. (in Chinese)

i, XS, SR B R ) P 30 [ A AR I
SEADNIR[I). V8 24705 Bt 2 A (H AR A7 R, 2000,
15(1): 39—43.

Gao Yan, Liu Zhiguo, Guo Xuezeng. Calculation and
measurement of the natural frequency of axia drilling
string vibration [J]. Journal of Xian Petroleum Institute
(Edition of Natural Science), 2000, 15(1): 39—43. (in
Chinese)

XA, TheEsh, BhE . AT AL R S Y ST K%
SKAR[]. A7 W1243H), 2000, 21(2): 78—82.

Liu Qingyou, Ma Dekun, Zhong Qing. A drilling string
torsional vibration model and its solution [J]. Acta
Petrole Sinica, 2000, 21(2): 78—82. (in Chinese)
R, AN BRI RS AT, AR T,
2004, 24(6): 70—73.

Li Zifeng, Li Zhigang. Analysis of longitudinal vibration
of drill string [J. Natural Gas Industry, 2004, 24(6):
70—73. (in Chinesg)

TR, KoK, Gegr . BTG B A B 4 A
[J. THJ12%, 2004, 21(6): 203—210.

Li Zifeng, Zhang Yonggui, Hou Xutian. Analysis of lon-
gitudinal and torsion vibration of drillstring [J]. Engi-
neering Mechanics, 2004, 21(6): 203—210. (in Chinese)
FEB N, M, FEAR. B ) PR30 07 55 IR
ML TTERVII). A LB, 2001, 29(6): 43—45.
Wang Zhenying, Lin Jian, Shi Taihe. Computer simula-
tion of drill string axial vibration and online monitoring
of bottom hole condition [J]. China Petroleum Machinery,
2001, 29(6): 43—45. (in Chinese)

o, i, ERRWL. BRREAEHE . A ARED R R
SFAFm A L[], KPR 2B 24, 2006, 30(4): 9—11
Ai Chi, Gai Weitao, Wang Liming. Prediction of drill
string’s fatigue life under torsion and axial vibration [J].
Journal of Daging Petroleum Institute, 2006, 30(4):
9—11. (in Chinese)

AIREE, FRF, RRARAT. W CRSFBE ALY IR Bl AT 41 4
PRBN P HT[I). VU R AR AR (H AR A7), 2008,
30(6): 81—84.

Shi Xiaobing, Chen Ping, Xiong Jiyou. Twisting vibra-
tion analysis of drill string reaming while drilling in deep
oil/gas well [J]. Journal of Southwest Petroleum Univer-
sity (Science & Technology Edition), 2008, 30(6):
81—84. (in Chinesg)

BUKSFE, BURA, BFIC T ANSYS AT m 3k
AT B 6 4 K N T[], 9T R AT 9, 2006, 20(1):
66—68.

Wei Shuiping, Kuang Yuchun, Xia Yuwen. Ansys-based
finite element analysis method of longitudinal vibration
of drilling string and its application [J]. Henan Petroleum,
2006, 20(1): 66— 68. (in Chinese)

(B SCHR[13] —[17] % 55 245 10)



T’

7

7 245

Fi 2T (1 A sk) TS5 ] 52 AR R A A 2 PR iR 3 A i
TR 7o B PR Al e 1k 1 v RS R B AR T
Boussinesq Ji REMIARZRMERT L, A HeAE SNk iy
FEFPIMA s B AR G I, A 7 R Bl F
O((h/ L)?) Ky se A e, A il = 480 o i
P ARLAE AR 55 S5 A H BRI 3k )

N T AT, AT T I RGR s 4
BERERI S o TG R ER B T R A R AT
b, ARLAERGR I M MRS RS B, 1XER
Y AR A SO TY J TE = 2 14 (Gl PSR s D0 9 7K 2
ZIRZ IS AR, AER FTIE T BOLAT RE R AN
Je g B =Y AL, I HAZBUE A BAT o5
PR REIE N A7 A T S T AR K X8k
5.

Bk

[ R -V VS U E A R U | WA RF (B eteo | B o e 4|

U R D], Kt KiERE T K%, 2005.
Ning Dezhi. Application of the fast multipole boundary
element to fully nonlinear water wave problems [D].
Dalian: Dalian University of Technology, 2005. (in
Chinese)

[2] Ba W, Eatock Taylor. Numerical simulation of fully
nonlinear regular and focused wave diffraction around a
vertical cylinder using domain decomposition [J]. Appl
OceanRes, 2007, 29(1-2): 55—71.

[3] Qi Peng, Zou Zhili, Wang Yongxue. A 3-D composite
model for numerical simulation of nonlinear waves [C].

(4]

(9]

(6]

(8]

(9

(10]

Seattle, USA: Proceedings of the Tenth International
Offshore and Polar Engineering Conference, 2000: 68—
73.

Wang Daguo, Zou Zhili, Tham L G Tang Chun’an. A
three-dimensional coupled numerical model of nonlinear
waves in a harbor [J]. Science in China Series E:
Technological Sciences, 2008, 51(12): 2185—2196.

Li Y S, Zhan J M. Boussinesg-type model with boundary
fitted coordinate system [J]. Journal of Waterway, Port,
Coastal, and Ocean Engineering, 2001, 127(3): 152—
160.

FERME, 48ER], BARZ. WIRXAETEMEH =4t
A TSR], MEA0 2%, 2007, 11(4): 533—544.
Wang Daguo, Zou Zhili, Tang Chun’an. Time stepping
solutions of nonlinear wave forces on a three
dimensional box-shaped ship in a harbor [J]. Journa of
Ship Mechanics, 2007, 11(4): 533—544. (in Chinese)
ARGER. KBS K LI M]. BB AL,
2005.

Zou Zhili. Water wave theories and their applications [M].
Beijing: Science Press, 2005. (in Chinese)

FRE, SERF. B IR AR b EZe 1t e /K AT 1) AL 7
FEME S BRI, ¥ LA, 2005, 23(3): 23—30.
Wang Daguo, Zou Zhili. Experimental study and
numerical smulation of long non-linear shallow-water
waves [J]. Ocean Engineering, 2005, 23(3): 23—30. (in
Chinese)

Zou Z L. Higher order Boussinesq equations [J]. Ocean
Engineering, 1999, 26: 767—792.

Zou Zhili, Wang Tao, Zhang Xiaoli, Darren Spratt. One
dimensional numerical model of higher order Boussinesqg
equations with high dispersion accuracy [J]. Acta
Oceanologica Sinica, 2003, 22(2): 287—300.

(B35 233 1)

[13] AN, 5k, kMK, HT ANSYS A E AL
BN HT[3). AT HLbK, 2008, 37(10): 56—58
Zhu Huangang, Zhang Bao, Zhang Manlai. Drilling
string longitudinal vibration analyses with ANSYS
software [J]. Oil Field Equipment, 2008, 37(10): 56—58.
(in Chinese)

[14] FFa&aR, £2F, ML, HOERTEHRE G2 IR

FNAIREFUI. BRPGITE R 27 27 4R (F AR B IR, 2009,
37(3): 37—41.
Fu Zhigiang, Wang Fen, Lin Shuyu. Torsional vibration
of annular plate concentrator with conical section [J].
Journal of Shaanxi Normal University (Edition of
Natural Science), 2009, 37(3): 37—41. (in Chinese)

[15] ZREEA, Tk&BE, HoH2. e ds fRAedsBEIM].
Abmt: LR AL, 2005,

(16]

(17]

Luan Guidong, Zhang Jinduo, Wang Rengian.
Piezodectric transducer and transducer array [M].
Beijing: Peking University Press, 2005. (in Chinese)
BT, U, BRI, BRSBTS A n)
PRI VU RS AR R (H SRR R, 2008,
30(2): 134—137.

Li Zifeng, Li Jingyuan, Zhao Jinhai. Influence of drilling
fluid viscosity on drill string longitudinal vibration [J].
Journal of Southwest Petroleum University (Science &
Technology Edition), 2008, 30(2): 134—137. (in
Chinese)

Do, KFEBREIM]. 2 3 AR, dbat: Rl2EHAR
#t, 2009

Jia Ruigao. Coallege physics course [M]. 3rd ed. Beijing:
Science Press, 2009. (in Chinese)



