FT -

199247 ACTA PETROLEI SINICA B3k E3H

B iksEH N SR FRTT R
Tk BEx X EK

CRPRE WER)

BRSNS, AARTEELTREENEZNSRO =48 i 1 8
BMMZASARARREART., AE R EEEREATEREFN LSRN BEGRRE
R G SRR RR TR EBRT T A . SR IE AR R HA R

COETETHROUE RTINS R S ER NS RS R, TIEAE S EZ 5 UL HR
P TR — R R e St R 5

FAE), BEANF ARALE ZHBIFHRY BEAKEARAL

—. B =

EARMENFIRS, R HMBE T ERRAE, #4580 ¥PRRmiX—m
B R, FUCRBIITE L AA A & R,

RTEHEAENN, EHERBANFERETRBEOE TE BT HY &%
RN (¥ a s R 9 % PR E D R VA TR
HABfEE AT, A REMEE R BIM  X R
BHEEZBE ARG EN =LY, &
fl AR EE B R R, EERPIIRA
DITMEHATRA SR, 2T AR
ARG A A L 1 o AR SO BE IR A U
JR 7 R 7 ol 4 P P = 4 41 e K
RAET REMBIS

s

S ey M iy e e o e

=, WEEER

FRBL N ETBRYZRIME, &k
EREZBUMEBRSHBRHMRES (K
1), BER AT B,

1. FEERRITE, H B LHUE AL, B1 SRR B R R

2. BRERMMEASTE IR, AIBRT &5 B4 Fig, 1 Sketch of drillstring in well hole




%3 B PR EREE ) R TR ST 103

BE SR RE Z A —EMIBR, ASTE )R Sk B0 5 S8 0 50 T B 5 - BE B2

3. Hitk—H5JFREEAL, TESMALL, HFEMEHRSERRAR B XK, HEARE
HEH ) FBE 1 FE A

4. HiRARREIEEHN, THZMRES

5. BRI 1 B HL 0 HE % Ak 1Y B R B 1 2

6. HRHLVIBIEEPEENHLMEIE, KNSR RE LR BREA L

7. AEBHEMMBEL, BEAGEERARK, IHNHEEBHBRD, TEZERH.

HHEESHHE, RAeRRAN., HRAEURSHEEEIMENEHERT, £RE
PR A AL R, SHMAREE. M THERE VERNEESHMERF 4, Bk, &®
J5 B0 A R T RBFE I IR A B e — A 07 1 b 5 3 BE 7 A B BT B SR — A 2 1) 8 R R ) A
WRILMAELR R, XA R — BRI E TR R L

=, 7RO L RE

BEEIF IR R —RRA RS ERZ R MR, AR ARt BHETMRE
BOEFAELRT, MNEEMRABRT (E2) © Mffg—MRRT, FRHH RN
RSB, HBEREA N

A2 BLBRAREE

Fig, 2 Sketch of the displacement and internal force in the element

mp=[} {e) "CDMeddi— [ () u)dI—18) o} (1)
I3 2 20 B i B 4% 4% s
lul <e,
R.<0 (2)
IR:=f -+ | Ral
Hep {e}=CBIUS}* (3)

R LERBITREE, {e} HMAME, [D] WK, (o) IomRE, (v} HEBE
¥, {po} MW RInmE, {o) W AR R, ERTHEMHRNS, (a3 Km0



104 H | & iR #13%

BB, e, o 6 AR 53 R A B B, RO BB X AR B0 11 B A1, R 9 BB S, [
BEEG (BN,
8 (1) F175 45 B L 2% 18

(KIS ={F.}e (4)

Hrp (K,J)*=[.LBILDI(BII (5)
{8y ={u"s v’a w4 0"xa 0'va 0724 u's v/ 8025} (6)

{Fote={R' xaR"vaR zaM ' caM "vyaM "’ z4R’ xgR'vs "M’ z5}" (W)

KK {81 (F a8 BOLRIE B FE, Mooy ] mB AR A hmi, o',
vian wlay 07xan 0/vas 0724y w'n, v 0728y BN AB BT A, B AERTREBW R
o' x"y 2 ilx v TR ML v 2B A, R xR vas Rz M7 s,
M’yay M’z4y R xas R'vss s M7255 B NABYIEA, BWHEER B IEIE o/ x" v/ 2/
iy v/ 27 BT R R e, v L 2 B R, B BT G H R B bR
WA, RBFOARTHETR
(K38 ={F.} (8)

R (K B ERIBE R, (o) 8R4 R mE, (Fo.)hakEsng,

PO, 75 0] 42 1) 3 foh EE R A it T
FFHRP AR RS, BT R (8) BAMRM X E L —AIER MK T

T P, % (7R (8) B VAR 5 E o 9025 57, (06 772 (8)
X TR, MG, ST AR BE B R R 5 20 0 2 1]y B0 ]
o B, Fef150AT 20 4 10 B B ) BT (LU 0 AR BE)
%“ R RO T R (8) b KR RE % 54

“ W, EL A AL A IR o ) B B BB (PEI3), B

AE#ER N

% (8] [a]BE T
ITo=], L4e)TDMNe}dl+ o {er) CAlle)
—{ taytuydi—tsimip.) (9)

A A SRR BB M HEEs (e} CARNEIBT BY
7% ji) ik FR 4 B

{e1y=0B1I{S8} (10)
€3 B TE R A B B 2R A
B3 [EETrER fiulf <e
Fig. 3 Illusketchion of the I?f‘; - (11)

gap element



ER R BN SR R IT AT 105

KAt | A BRIT R A AR AR, TR (4) ZERCK N6 ={Fo)" (12)
HAp (K, )= (LBICDIBII+BICANB] (13)

iR (8) &N
(K 3{oy=1{F,} (14)

TRAE [ SRR B R CK D AR A SRR, SE T LR RS 1A

KRB —UCRBAR (14) KR, —RAREM L 53U 2 i B R . T
BRI EXARZANR, TERTENER, S BMRERR 4 S ERM IS M
fil P R i, B A Oh LR N v Bl R RO ) EE R 1 o RERE— AV BROT AR, BRfd
WAL T HEFHATREAEMRETZ — '

1. JBIF. S BASfESRE b, BRGNS I R 0 B Al

2. Befh. BNR:LSEFESEE b, BUAEERSME SR REFESE IR N AR — AT b R Bl O
Y1) o 3L i P B 4 0 FD I BT R R

T £ 8] BT B B AR RL RS B D R A (1) RIPEO: 5 Al BT i Bt ]
Bty viawoo R R R BERR P B (LS (4D, eN—A /MR, — R0 ~1074, RE® i THIBRTT
g IFBE R EERE MR 1 R J1, TiRBER T, miRBER AL S rE B AL A i BR R EH 7 R

£ 1 BROBRERA &

Table | The Candition of the Contact Displacment and Internal Porce

|
|
)' 5 IF # i
EO—n/Vii+ W 2¢ | | EOi—w/ VIF W | <e
| Ri=0 Ri=0
% 5 ; Ti=0 Ti={-R,
mi=0 me= 5 DT,

{
\ - ‘ #FVi20, Wizo B, 0<o<”
AT EE ‘i 2
! #: V<0, Wizor, ™ <0<n
eToloed tgd=tt ‘ :
1 2,0, W0, a<0<’ =

vl

} FV.i=0, W.<0 &, 2-x<9<2n

REARE—-AERIR, RNRAGEMFHERE, EN-TRENEMRER X,
HBITR (14) R, RERIEFBLER, BESAWEBTHOMLE MRS S BN
PP TR, AR A TR IR AR (AT IA (6 BRAS R B I . S T AmEA S, RATRAE
BN RE S mg., HAKA

P2i=P1i+a*i}§:mdSﬁ (15)

R PPy 5 0 A U 2 AR TG B9 5854 A 181 BR TG (9 BRI A > </ P B UK AR ER 5854 4 ] BTG 19




106

a0 oW ¥ R EARES

» B0 8 B 1 S0 1 S i 9 BT UK 2 AR BT 7 48 B A 4
t BHE, o PTINBERY,
Rc, BEBREHMMIEFBRTE (14)

Z y FHERTF), BRHE
FONL L (K18} ={F} (16)
R/ (16), BRIEFEHLE, FL S BASM
. B mBmnh&E, AHlENEEXH Mg, mik
B4 WERE TEIF T 2, T EU19 Hi 05 2 BT 6] R 0 % 3 7 R 2

Fig. 4 Node displacement

fidh 3 g 2% # B M AL

L. RGNS R

FURACSCR LA B R = Ye e /R, 25 ) 25 i) 82 fol 8 8% 6D B2 5 B MY 9 BR G 5R
BT, METHENEMFIRRE. SHLEAMEERBRESER, ERKME A
THEOFMEEHT, SO0FMENRITI=Z0FHIGRENN, SRIEM, HHELERS
LR HETE (K2,

2 STI-#M1FARNEREFANMITHER
Table2 The Calculational Results of the Prediction in Zhong Ding 10-Sie139 Well

mEx| g |5 OW X W[ E R | EAMAN GO | ki (FE)
FeH FHum | BB g

HBE | (m) () () (kN) r THEN TH RS f HEH pagnasaE)
292 10.0 338.0 ~139.5 —1.28 1.16 0.253 0.156
312 -139.5 —1.81 —0.14 0.245 —0.059

23 332 “139.6 —2.16 -0.39 0.241 —0.033

_ 352 —139.7 —2.14 —0.36 0.243 ~0.049
355 | 15.0  340.0

& 372 —139.3 —2.30 —0.45 0.240 - 0.045
392 —139.1 —2.42 —0.48 0.240 —~0.057
413 | 19.0  340.0
537 24.0 341,0 . —187.9 [‘ 1.71 0.17 ‘ 0.063 0.011
557 | . —169.0 0.99 0.01 | 0.068 0.051

ﬁ 571 —168.8 2,03 0.35 0.072 0.012
596 | 23.8°  342.0 |

2 597 —170.3 0.82 0.18 : 0.070 0.039

- 627 St 1.23 —0.02 5 0.057 0.044

& 857 . —169.5 ; 1.29. 0.18 i 0.066 0.023
687 —169.1 1.16 0.13 | 0.068 0.023
707 ~169.1 | 0.94 0.08 | 0.065 0.039
727 | 23.0  347.0 g

F24 P I10—RH30 G BB AR AMLWER, ARWEE L K H
CEBEBOCAMAIR, REFNKERNLI2K, HAMIREN0.3228, HHKIRZE H0.2665;



% 3 4 (R BE AL 73 R A TR ST 4 1 107
FIPLAIRZE 0. 472/, HHXKIRERN 0.39 F, H-

BNEAE, BRETKENIN, i REy 177
0.038/%, HHEKRENO.028; HFIMiEE%1.196 ] #
BE, HHKBREN0.629H, ESERT MPaik: 5 Hne 107 By
HyBERAR B Tt 2
WAV L O IR BT W4 AR T 4047, b6 4 N1F
TG ERBENO. 161, 7 LMV T HRIRE N A —ft
0.8, BR, HBABERMN HOAEE L, IR
ETEEARAHEREENSHSREZMNBTELER (0 Juh;ﬁagﬁ
MR AE) |, LA 3R B e BN ME BT 3 11t
P45 S0 U DA SCHR B R R B 1 22 40 BT 117
mm@.%zmuE%#Iﬁwmmowm~ww¢ 1] e
AT EAE K B B AT T B B L, F19894E 117
TSR, B8 TRIFHRE, Aly
&Vwﬁbﬁg
AN H i AN
1. SR HEEE, EHEEAHARESY, B 5 TESbE P Bk
BRI L h R S A R 2 A Ak, AL R 7 B P
ﬁ%@&%}@ﬁﬁﬁ, '}{:ﬁﬁ%g@}ﬁ};o Fig.5 sketch of the contact

. SEMEITRREEA L R e o
MRV R, RST AL PR =
2 B

3. S A EMCRGRAEMAMTERMS (RERA K. (8. BB & &
BIRETR) FISEIE BB SERE R 1, B RS 77 R BBl S A0 O B, O i — S B 5 B L1
B ALFIE I 2 Bt A 205 T 36 m,

4. B AR 12 TG G 80 TR M F A DS—3D52 & 7 LR 5 i 24 SHIR L B %
A S . _

B RSO R TR R B B B A, BE T ESRA S HA
SR L il

(AU 2R M19898E 10 22H)
(| FRRAD



108 PR EARE S

$ F XMW

[1] Lubinski. A. ,Factors Affecting the Angle of Inclination and Dog-Legging in Rotary Bore Hol~
es, Drilling and Production Prac. ,API. 1953

{27 Millheim, K. .et al, Bottom-Hole Assembly Analysis Using the Finite Element Method, JPI,
1978, PP, 265-274,

[3]1 Michel Birades, Static and Dynamic Three-Dimension Bottomhole Assembly Computer Models.
SPE Drilling Engineering, June, 1988,

[4]1 @Azt &, JRTlEERASHTES T, GHER, 1985, B3l

(5] #WP@%, HHTREWNE, KANBRNHLHRE, 19805

FINITE ELEMENT ANALYSIS OF THE CONTACT
AND FRICTION OF A WHOLE DRILLPIPE STRING

Zhang Xuehong Chen Lunyuan Liu Jubao

(Daging Petroleuwn: Institute)

Abstract

The contact and friction of drill pipe string with the borehole wall in
a directional well is a geometrically non—linear problem. The contact and
friction as well as the torsional effect of a drill pipe string is studied in
this paper. A three—dimensional quasi-static model of stress analysis of
a whole drill pipe string and a spatial multi—directional contact and friction
clearance element are established with the finite element method. The co-
ntact and friction of a drill pipe string with borehole wall and its deform—
ation are analyzed and calculated with modified Newton iteration and appr—
oximate gradient increment of loading, Field tests have proved that the pr—
ediction 6f well trajectory with the proposed theory and model agrees with
the after—drill measurement.
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