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Abstract: The performance of relevant theoretical models combined with surface mud logging parame-
ters has unfavorable accuracy in analyzing the motion characteristics and abnormal conditions of BHA.
Based on the fast Fourier transform theory and the PDC bit teeth force bearing equation, one analytical
method was established for modeling the motion characteristics of BHA and according to the one-dimen-
sional unsteady flow theory and the acceleration theory,one analytical method for bottom hole abnormal
conditions was set up. The theoretical analytical results aligned well with the field test data. As shown by
the theoretical analysis and the measured results,in the measuring interval,there was a dominant frequen-
cy,whose rotating frequency was the same as that of PDM in the spectrograms of engineering parameters
during sliding drilling. While during rotary drilling, there were two dominant frequencies present in the
spectrograms of engineering parameters, whose rotating frequencies were equal to those of PDM and drill
string respectively. In case of the drilling tools bouncing on the bottom,the time of the first casing pressure
peak was twice that of the first annulus pressure valley, and the torque and vibration sensor readings
changed dramatically. The research demonstrated that the dominant frequency characteristics of the bottom
hole engineering parameter spectrograms could be used to distinguish the sliding drilling and the rotary
drilling. Meanwhile, the rotation status of BHA and PDM could be obtained. The downhole abnormal con-
ditions could be judged based on variations of casing pressure, annulus pressure, torque and acceleration
sensor readings. This analysis method could provide a theoretical reference for safe and rapid drilling and
the establishment of a downhole expertise system.
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Fig. 1 Flow chart for interpretation of the motion char-
acteristics of BHA
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Fig. 3 Diagram of pressure wave two-way transmission and transformation
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Fig. 5 Spectrogram of bottom hole engineering parameters during sliding drilling
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Fig. 6  Spectrogram of bottom hole engineering parameters during rotary drilling

3.2 HERERESH

T sl Bl CGE ) oo A s I k0 (9 B T — J
1 T Bl v I B B B — RBOAR e 4 R
P B B TR R TR B R S ST IR A TR AN

A A o & 78 RABHE I 5K - I w0 L 78 52 Br gl
[ fy b 1

43 bl i)

EREN | Lo

40 FREED : : E i

e; 35 i

% 1

B30

0 5 10 15 20 35 30 35 40 45 50
[isf [1]/s
() 455 P 47 T o Tl e A Ay oy 5

a0( i\

HhERE{E/MPa

520 25 30 35 40 45 50
i [ /s
(i) 4l R Bl o ) 2 1 i

& 7

o A 2 S B I AN A B BB A T
S PG , ™ R R BT B A5 A e % e
] B 578 TR ) 28 98 T iy o W R S KR R L TE S
IR A B R s A S IR TN TR SO TR
DA 3 25 R 7 Fvoi .

LT FTLLE 6 B 2058 A 1828 5 528 4R

14 /(kN-m)

35 30 35 40
ifis
(b) F1L T B (1] 45 A Ay o 2

FY A by iy e

I (mes 7)

075 10 15 20 25 30 35 40 45 30
i} [)/s

() Tt FoE e )8 4 i oy 2

ARHASEABREIEFBINELER

Fig. 7 Some measuring results for bottom hole abnormal conditions and their solving process



* 56 2 D] 4k

®oo® A

2018 4 3 A

PR 15 B b, T Tt o R SVl Sk T A2 L B
ZYES i 3 (12) AT g0, SEFE AL L RE 4 or R R
s TR A A AR RRCE W IR N AR R
W ) S AL R A N R AR R R K IR IR R
77 A U IR ) B LA R R A R ) A% IR 1 AR
Az [ B R D 5 ) Bl B T A O RO B RLT
FEJR 7 ARG 1 R 3l OF AF A2 B ) 4R 3 300 B, il 2
(19) AT, Bl Sk 0T AR 2 800 & T2 Jir il & fin 3
RIS b

IR AT Wi s I i 24 N R D) A s ik B
WEE SR A 1 — o EIRES R A5 R AR L B A E
IRFEN 6 —6, B 6 —6a~2(—1), %487
L, NI 4 AT LAAS A8 P s DA B 16 1 3T
T — AN AR A TR T A B ) R R
AL, T 25 0 A DU 80 T8 0 28 5 — A4 3G e i
e Z AL, R T AL RE W RS FE hy 2L, A E AR TR
Bef e 3 U AR A5 P9 A 25 1 A% % R S (LA 5 L oA
t—6=2(t—t), £t 2t R TRE,
WA ¢ —o~206 — ) HE—HUF T
SRR T TR

M 7Cd) AT LLE 6o B 20 4 i B a5 /) 3
Y A it o P 4B e 60 G 0 B 2L A i TR BRI
t; B o B2 A B A AL T # R RS R X A
R PR 5 4R 2 A0 T BE R OIR A SEAT i s L OR
A TERN S AR 1 SR AR I R 2 DAl LA
Bl v, B 20 RS I b b R R LA B RIS Y i 3l
R M5l R B 2= — 1 I U2 AT Ay LR R T A sk
b BYFHLAE , ¢ B ZNWRAT 5 1 S SR TF bR i 2y o 7= ARG
I B I PF A B ) i By 8 3 SRS i S5 R 34
K TRV B I PR 7P A AR T Bl 48 R A% AR 5 36
25 AR IRES RO AR AL AL S R S A A G

I

1) B 2 57 B9 30 8l Sk O TR Al B da g RRAE K
GRS W AT T U5 R B Sk O T TR S RO
TH P B R S PR T UL RIAT .

2) X IEJR P 8B R U SR R X7 ] 4R
Bl AT DR A B AR e, ] DU W 2 i R A B
AR 3 w] DLAR R AT L SRAT 5% 1 1 % gl =, )
BRFF AL T IE AR

3) B AR A IR N TR R R
Ree A o LA PRI 0 B35 — A 0 {0 6 i) 2 36 28 T
J1H BUER — A AR TE] A4 2 A% U)o R Al

18 Bl 32 B W B IR SR BORH S it B 7

Z % X #t

References

(10 UGS A, AR oF Sl S B T 4k 3 A28 i Al 7 MR g ()], R
SRR T, 2001,21(4) :55-56.

LIU Qingyou, HUANG Bensheng. Establishment of lateral vi-
bration dynamic model of roller cone rock bit and its solution
[J]. Natural Gas Industry,2001,21(4) ;55-56.

(2] XU A, EhAssm b . Bl H 4% R sh B p e o7 BoR R ) ). A
2= . 2000,21(2) . 78-82.

LIU Qingyou. MA Dekun,ZHONG Qing. A drilling string tor-
sional vibration model and its solution[ ] ]. Acta Petrolei Sinica,
2000,21(2) :78-82.

(3] #hmpe 18, ARITM, 5. 3T Hh 2 B0 i I T IR shiR B

FEHIL ] AMAER 12 ,2016,38(2) : 144-150.
HAN Jiageng, WANG Haige, LIN Yuexiang, et al. Identifica-
tion and control of downhole vibration based on surface data
[J7. Oil Drilling &. Production Technology,2016,38(2) 144~
150.

(4] Sk, R F Al e, 45 BB U 3l A oot 2 50 0 00 7 5 1 2o 7

R LY. WGl < M L 2015,22(1) : 113-115.
WU Bin, WU Feng, LI Jianlong, et al. Application of vibration
and shock parameter monitoring while drilling in drilling
process[ J . Fault-Block Oil &. Gas Field, 2015,22(1):113-
115.

[5] Moy, 2k B3, 207 56 IR IR ARG 3 918 2 S AE 19 T i 5
ST AR PR AR . 2017,45(2) : 32-39.

TENG Xueqing, DI Qinfeng, LI Ning, et al. Measurement and
analysis of stick-slip characteristics of drill string in ultra-deep
wells[]]. Petroleum Drilling Techniques,2017.,45(2) :32-39.

[6] DYKSTRA M W.CHEN D C-K,WARREN T M,et al. Exper-
imental evaluations of drill bit and drill string dynamics[ R ].
SPE 28323,1994.

[7] MACPHERSON J D,JOGI P,KINGMAN ] E,et al. Applica-
tion and analysis of simultaneous near bit and surface dynamics
measurements| R]. SPE 39397,1998.

[8] Z=HZE. PDC ik B & A 1 1540 BT S HLEWF 5 [ D], i
o I 5 R (L) . 2012,

LI Tianjun. Mechanical analysis and fragmentation mechanism
of PDC bits drilling rock[ D]. Wuhan: China University of Geo-
sciences(Wuhan) ,2012.

Lo HZMR, XM, A3k, 55 18458 38 AL 5 35 MR 9 BT 80 PDC 4 3k TAE
FEPELT]. A 2#9R 2015, 36(7) : 882-889.

TIAN Jialin, LIU Gang, YANG Lin, et al. Characteristic of
new-style PDC bit with whipstocking controllability[ ] ]. Acta
Petrolei Sinica,2015,36(7):882-889.

[10] KOVALYSHEN Y. A simple model of bit whirl for deep
drilling applications [ J]. Journal of Sound and Vibration,
2013,332(24) :6321-6334.

[11] PERNEDER L,DETOURNAY E,DOWNTON G. Bit/rock



6 K% 2 i RE

ALK F TR E NIRRT T REINF E GV

(12]

[13]

[14]

[15]

[16]

[17]

[18]

interface laws in directional drilling[ ] ]. International Journal
of Rock Mechanics and Mining Science,2012,51:81-90.
R A BT E T AL BIML U b KA R Rt . 2012 29—
90.

CHENG Qiansheng. Digital signal processing[ M ]. Beijing:
Peking University Press,2012:29-90.

I SO SRR ELE 58 e i A ML 6 st A Tl i i A
2001:11-40.

SU Yinao. Research and application of screw drilling tools
[M]. Beijing: Petroleum Industry Press,2001:11-40.

WA IR IR A B R 5 6 B T B B B R A Y
[DJ. dbat. dr [ H BTk (b 50 . 2012.

TAN Chunfei. The ROP technical research on turbo-drill
composite drilling in deep & ultra-deep well[D]. Beijing: Chi-
na University of Geosciences(Beijing),2012.

i W, JE SCRE  RLARUU | A IR IR BT Bl L O R B AR
L. AR T.25,2009, 31 (3 T 2) . 36-38.

ZUO Yunfeng,ZHOU Wenhua, TAN Jingtao, et al. Technical
field measures to reduce screwdrill failure[]]. Oil Drilling &.
Production Technology,2009,31(supplement 2) :36-38.
AUk . ST AR 2 ML JE B A il Tl R
2014 :302-320.

FAN Honghai. Practical drilling fluid mechanics[ M. Beijing:
Petroleum Industry Press, 2014 :302-320.

FLAEAR MO R, ARG, S5 B e 3 A R 45/ R 91 K
ShESLI]. A%, 2015,36(1) : 114-119.

KONG Xiangwei, LIN Yuanhua, QIU Yijie, et al. Fluctuating
pressure caused by runaway/overload of mud pump in drilling
operations[ ] ]. Acta Petrolei Sinica,2015,36(1):114-119.
BACON W A. Consideration of compressibility effects for ap-
plied-back-pressure dynamic well control response to a gas

kick in managed pressure drilling operations[ D]. Arlington:

[19]

[20]

[21]

[22]

[23]

[24]

University of Texas,2011.

XA RS, EBE, A5 T RS I AT R B SE L) ). A
MAER T.22,2012,34(1) : 14-18.

LIU Wei, ZHOU Yingcao, WANG Ying, et al. Study on
downhole vibration measurement and analysis theory[ ]J]. Oil
Drilling & Production Technology,2012,34(1):14-18.

KB PR AT A BRI E B B R i R
(1. J1% 550088 ,2015,37(5) :565-579.

DI Qinfeng.PING Junchao, LI Ning, et al. Progress in meas-
urement technology for drill string vibration[ J]. Mechanics in
Engineering,2015,37(5) :565-579.

e A A BT AR SRR A AT LT ). A AR T
2:,1996,18(6):9-13.

GAO Deli, GAO Baokui,» GENG Ruiping. Analysis of drill-
string whirling [ J]. Oil Drilling & Production Technology,
1996,18(6):9-13.

BN, MR KA, A5 Bl IR SRR A BT 5 A R )
PRI, BRT21,2000,23(6) : 1-3.

WANG Zhenying, LIN Jian, SHI Taihe, et al. Analysis of vi-
bration property for drilling string and discussion on recogni-
tion method of bottomhole lithology[J]. Drilling &. Produc-
tion Technology,2000,23(6):1-(3.)

DUNAYEVSKY V A, ABBASSIAN F, JUDZIS A. Dynamic
stability of drillstrings under fluctuating weight on bit[ J].
SPE Drilling &. Completion,1993,8(2) :84-92,

I SO, K S IF BRAT B B i 2 AR L) . A B R T2
1999,21(1):6-15.

SU Yinao. Characteristic of force applied on positive displace-
ment drill in horizontal drilling[J]. Oil Drilling &. Production
Technology,1999,21(1) :6-15.

(%3 HhA]



