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Numerical procedure for Stick-Slip of the drill-pipe
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The present study investigated a numerical method to analyze the stick-slip
of drill pipe by solving the NDDE (Neutral Delay Differential Equation) which is derived from
torsional vibration equation. A small-scale model experiment was conducted in a water tank to
observe the stick-slip phenomenon, and the result from the analytical model is evaluated with that
obtained from the eerriments. Additionally, the numerical model is apﬁlied for the actual drill
pipe in operation. The solutions of the NDDE is depend on the initial history of the solution and
some model parameters concerned with the frictional torque on drill bit. The present study
investigated the effects of the initial history and the model parameters settings on numerical
solutions in detail and presented an procedure to determine the appropriate settings of the initial
history and the model parameters by reference to the measured top drive torque.

stick-Slip



B X C—19. F—19—1, Z—19.

1. WFZEBIA Y DY =

T R A H IR T O MU 521, A
HMFREZ B E L TiThsd, BOBETIXE
SR OTE B O3 IR N B TE OB 9C BR O B R
(JAMSTEC) 23#E 9 2 HiBRERTRAM [H
X )| FHOTHEHERFREIN T TE
D, HIEBORA R I = X LD SIS
THATW D, MFERFRAITIZ R Y LA K
U7 EMEIN A e O ME ZEIEE T
B T &, b¥aEksy & T ICH EE T e
LS TCHE FOMELIEL L, a7 &
I D HES T Z2EIR L TWL,, R
NARN) U TOEIFIHAICEL > TIE
10,000m Z#x 5 EREIT/R D720, ek
STV ZFo T B X OHE T 0 RIS
FIC/NE <720, EARFZIIRE S L CRIARE
REREMED . FRZHR UV IZB LTI imE
Ry b (RUALVARRY T HmIZE
DT S HEEIF) ORICHER T 2 EED
-2 Y N IR R Y [E1 [ 73T Y=l AN
B & 29 Stick-Slip HENFEATLEE
N5, Stick-Slip WAL S Ly MR
(Stick) & 78 D (Slip) &2 4 0 K UEI T 2 K
THiEOY a7 oRERTRE Y b
DB EERE, WRZEICER L 0T O THI
BEIRIE DL N R F LTz,

2. Mo

AWML TIE, MEERFFRAIRFDO KU LA K
U v 3T D Stick-Slip DFEAETHIED
feNLxZ B L, & OMEMNT FIEOR%E A H
H) & L7z, Stick-Slip X U /LA MY 7 DfR
CORENCHE D R TH Y, IR
CORE SR TH D, ZHUTHE L Y IRES
Bo—f&fEE NV ey boOREES
BXEEZEETHZ LT, FUALEY NEDE
HR SN D IR R 251k % i < Wy RN 15

bivd, Z oMyl OBEIREZ L L,

KUYWAY > 7 ERED Stick-Slip D&Y7z
BUEfR A1 D Z EDNEEEE 72D, AREAEMHT
FIEOH AT 2 RICENTE 5, H 1 AI13H)
HMBREORETH D, T Oy A REL
BN X OE DRy ORFFENHE A &
70 O PNLRGRIE oy TR E T D b
DTHY, ZORMIIIVIHETIZRL, ¥
HMBRORTEEZLE LT 5, WHEHBERIZAIL
TOMBERZRET D LIIRETH 5 7=
D, FROYIIEEE AT % T U224 7290
JEFREOBREEZOWTHH L, F281ELF
UNLEy MIERT DEE NV ORES
HEORETHD, ZOREE V27X, il
BRI LTI T B0, HHMNTD
INEERETDHZ LMo TRETHD, £
ZCAMIETIE, ZOBEE ML ZIZKRELE
BRI DLEHBEIND VYT RTIAT ALY
(RUNVARNY TR BRSSO 0
7o BWHER &E D ML 2)ZER L, Z2Hho
FHFE RS R L ey MCIER T 2 B
NV 7 ZRET D HIEIC OV TR ZIT W)
WY EHIEEMET LI L EHE LT,

CK—19 (Jtm)

BT R U LA B U w7 ERE D Stick-Slip
OFBEHREAE L, FHIERE TS 2
LT K o> TARFIEDOZYHEIZ OV T OMREE
ZITHO A ET D,

3. WD Ik

(1)yE=k

Stick-Slip 1Z K U b/3A 7O 0 BN 1
FHGTHDLZ LD, R IESTREE K
ML LTRBTXS, XM TREEL, BE)p,
Wi AR — A > b, EAMIER G &
LT, 7 B D E N & 2 28z D,
AR OFEMEAL O Z 2 BMEREIEE c=(Glp)°S
EHRWCTERTET D L, H70 RE R
MR & 722340 7 Eilig 220, v k()
2=, ¢ A TEWTH OBRENA LT 5, (1)
Ko FEE vy NOBEREMNE S 2
A7 Lo RERE A Q)& LRI S
Ey MIERTAEE N 72 T2 T5 L,
vy hoEisES) SR TR T 5, BT
W DB RFMFICQRD L T v _— L DfEk
ZHAWT B Z 5T 2, p)=w) & T 5
ER)ANE LN, ZIUTEBERy HFEXD—
FCTHY, T CTHERBORIE S F D FFERA D>
B RST AR IE 5 S 2 E0(NDDE) & FEITIL 5,
R)RANSHE LN D wM)Dfif & BEREMR LW
@=Ly, vy boREREE TG ER2D,

*p(z,t)  0%¢(z,t)

2 2 @)
ot oz
Hz,t)=alt-2)+ Blt+z-1) 2)
do(t) det-2) doft-1)
dt dt ot
Tt -1)- oft-2)+ oft) -
J
+—aﬁ)—wﬁ—2}+ga—n
J
%(l,t):a)(t)—a)(t—2)+Q(t—1) @)

[El#is ML 7 % T, & L CERTEIEZITV, B
FEB L VR E AN D &, R D EEE b v
71XG)RER D, @B LOG)EEKEEH
Tk, FHUT —& & ORI NS,

T, = -Q(t)+20(t -1) (5)
T, - ¢ 1+h-exp —7“52+82
652"‘52 A (6)

KIEHEICB W T RY L E Y MCIERT
LR N L7 TiiX Balanov 78 7 — 1o L EEERTC
FHLLT2(6)%& iz, (6)T v bk
TEIRIEREREE & & P> DZER C, e, h, 4 THERR &
N5, 6)REETLESDE Figl lorT,



6)A T OFEEENIEE NV O EfMeRHEE
DT=DITEHYNZFEET D BN H 5 D3, :

SAEBITIREI B IIRFT 2 E B EE
NTRBVBRENLHETH D, Kﬁ%f“ci%%ﬁ
B COMmAIEREDR S EHHIFTRE 2R [FdR v 2
%%k WCHEEBOREEITO FiEERF L

o BRAERRD G PEREAR & fEATREFE 1) oD 7=
wéﬁﬁﬁwﬁtiﬂ‘ﬁuﬁ@ﬁ%k L T 326
% Eifi L Stick-Slip 7 — &% Z I L=,

|_H O i T T T T T T T

<5} | —

§— " ¢ " gets lager

c-05 A
l_ -

= I

= L

g -1- ——

[ i "A"gets |

£ : gets lager ]
T -1.5E"\ .
=3 -

= J/h gets lager

L , | , | , | , | . i
20 0.0002 0.0004 0.0006 0.0008 0.001
non-dimensional rotation velocity £
Fig.1 Model of non-dimensional torque acting on

drill bit.
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Table 1 Specifications of drill pipe model.
Material Teflon

Young’s modules 0.5 [GPal
Length 970.0 [mml]
Outer diameter 19.05 [mm]
Inner diameter 15.88 [mm]
Specific weight 3.50 (kg
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ﬂ Motor
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llJlJmm:HF Gyro sensor (top)

—Pipe(Teﬂon)_
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97 0mm

Universal joint
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(bottom)
Aluminum plate
100mm Acrylic plate & pins

Fig.2 Experimental set up.

FiRoEEE SV 0 BHEET A2, TR
BRI EBROHMT — 2 nbHET 5 Fiks
Mad 5, [\ifis L7 (3R & IRIE I X 0
BRIFHFEMT O, FRIZESW A
BREERRT, ETIEER NV OFHEIZTE
B9 5, [8l#s hLo 236 5 I 2 FEHEIC IR
L CWa EERBERDmARNDS, Mx
T Fig.1 7> AL C A3 ik [RlHRIRE 0O Sl 38 3R
THDHZ LD ElE hLy OFHE L B
C OFHEEZ A L 7= #5 5% Fig. 4 27~ Fig.
4 %55 Llallis b vy OB SEEIEIT A
B CITMIBIKIET 2 b, Lizhi> TE
HFClRlE N vy OFEEENHIRETE D Z
EWyino T, WIS RV ORIEIZEHR
T 5, EBRAER SR WOB TlElalifiz kL
DIRIEAFERRE & AR5, AT Fig.l
MDD CnlC B M7 BB 2RI Z &5 iR
L7 DIENE L Co/C OFEIRE 2 FH4 L Ak %
Fig. 5 127" 7, Fig. 4 & [AIERIZ[EIEE kL2 Dz
MEIE ColC IZHIAR E T D 2 Ebnd, Z
NIZ XY, ColCIZIEIHE b L7 OYRIE D S E
T&%, ZIT,CulCIiIZE % e h 4 CTHERR S
NT-ETHY, [BEE R L7 OIRIEN S Ch/C
FRICIRETE TH LA e, h, 4 IFTEHMIC
WETE 2V, FATHIFEIC L - TEE ¢ 13FE
WICNSRETHDHREL V) Z LR
A 7 L nlER A E D 10% C(6) 22 i &
WD EHIEHe #%E LTz, MATibEE
DIRNEE AT —EETEx 52 &
IZU72e ZBEC, 6, ADNRELTZ D 2T, CnlC
NATEDEE & D X 9 ITE% h 2 E LT

Mr&aiT-7-.
AREEREHTIE TIIWI B E DR E & HE
HETH D, (A EMITiF-2<t<0 TD

o)z H L CHYIHEEE L TERET D4

b5, — )7 T4l @%EF% %E LT
L% 9 &E)RTt=0,2,4,6.. (2B THREEI%
R L 70D,

{5 O] t 1B W CTARERE 2 4 T2\ )
BRI PR 5D 0(0)%-2<t<0



—EMETHEZIUEE W, 2TNE o L ERT D,
WIMBIE % 0 \ZE%E L C NDDE Zfi#< &,

RUNAEy NORHEAEEIZRY VAR
V7 MR A L 2 FEICRD
Stick-Slip 2L Z H 722 E RN bro Tz, — 77,
VIEREZ o L0 bRAYKRELBEETD &
FHAEZOBMITRFEETEZIHE L, T
BiIxm AL 2 S AT KIERAE SN D
EonoTe, 2V OFERD GBI o
ERME TR WAIEF T LVWVE TR ET
% &R R R L < — 8 5 Stick-Slip
MR END Z PR TET,

do(-2) dO(-1)
dt dt
T(Q(-1))-20(0)+ Q(-1)
J

()

=0

+

[N}
=1
o
]

T

T T T T
— Rotation torque

" Drill bit rotatign

o
o

o
~

[wN]do adid ays jo anbio ] uoneIoy

o
N

Il

10 11 12 13 14 15
time[sec]

drill bit rotation and

1

o

U_FD

6 7

Angular velocity of drill bit[rad/sec]
=
o

Fig.3 Measured
rotation torque.
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parameter setting.
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Table 2 Calculation conditions.

Length 3200 [m]
Surface rotation

speed 100 [rpm]
Young’s modules 83 [GPa]
Outer diameter 139.7 [mm]
Inner diameter 113.9952 [mm]
Density 7840 [kg/m?]
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Fig.7 Calculated drill bit rotation and rotation
torque.
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Fig. 8 The measured drill bit rotation and top
drive torque during an actual drilling operation.
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