Vol.30,No,1

30 1
1998 1 ACTA MECHANICA SINICA Jan. ,1998
( ( ) , 257082)
, Wilon - 6
Newton - Rephon , )
’ [ 1] -
) ’ ’ -
90 ) )
(BHA) ,
( )
1
1.1

the drill string

the drill string 1n
initial deformation

1

before deforming

the drill string

after deforming

1).

" the drill bit

Fg.1 The deformation behaviorsof drill string

and relative coordinate systems

1996 - 11- 29

, 1997 - 07 - 07



(21

, : (1) oxyz . o
X, Y, z ik, ; (2) oxiyiza
. 01 , X1 Y1 X1 21 . i1,
j1, Kki. oXyz ,01 (X°1’ Yo, » 201)' i1={- Xo/f,- Yol T,- 20/ f} =
{a}, ki=iaxk={c},j1=kixiz={b}, f= X% +vyo +725. 01X1Y121
{a}
oxyz [ti] =] {b} ;(3) mx2y222 .0
{c}
) X1 » X2 ( ), 22 X2 ( ), Y2
( ). i2,]j2, k. oxyz , M
(x,y,2) R, ( )s , 2= R (s) ={a}, ja=kixiz={b},
{ &}
ko=i2xj2={c}, O X2Y2Z2  OXyz [t] = {bd}
ch s c {ci}
O1X1y1Z1  O2X2Y22Z2 [t2] =[t] ‘[ t].
1.2
( 2(a)), ,
IX3y323, 01X1Y121 . ,

[mI%Ug}® + [c]{ ugt® + [KI{ ug}® = { p}°

S{ugh®, { Ug)®, { ugt® S ;[ m]® s Lcel®
: , [c]®=a m]®+ b[k]®,a, b
[ k]° , : {p°
, a, b ; , )

2
Hg. 2 The dement and their coordinate systems



98 1998

30

{ ug}®,

{ug® = {u®+{uo}®, {ug® = {u°
0 [k]e:[k[{ug}e e:[k[{u&e+{u}e. e
[mI e+ [k ut® +{u)1°Quat®+{uw? ={p°+{p}°

[mI U+ (kI uw® = {p}®+{p}°- [KI( uo}®

{ pr}©

[m®={ [NIPINT AV,

Gauss- L egendre .p ,[N], [B], [D]
=, [B]
{p° =,
( 2 (M), IXaYaza, Xa

I m,ys Xg ' Z4
i4, j4, k4. oxyz

iL= Xm - X Ym - Vi Zy - 7 _{a}

4 fi 0 f1 0 g R

ic= Xn- XI Yn- Vi Zy - 7 ( n )

5— f2 ’ f2 ’ f2 i

ko= ig X is/ | iaXxis| ={c3}, ja = kg X ig = { g}

f1= J(xm- X024+ (ym- W2+ (zm - 2)2

faz J(xn- x)2+ (yn- W2+ (zo- 2)°
{ az}

IX4Ys24  OXyZ [t3] =] {b} . IX4Y4 24

{ c2}

[ta] = (1]} ta] .

{u®

[k1° ZIV[B{ uo}® + { u}) 1T DI[B({ uo}® + { u})] dv

02 X2Y222



1.3
02 X2Y222

[MI{ O} + [ KU} +{UDNI{U} ={P +{P} - [K|{Uo} (1)

[K] = Z[M]T[k]ep\z], [M] = z[Az]T[m]e[Az], [P] = zM[ple, [R] = Z[)u][pr]e

[ t2]1 [ ta]
[ t2] [ ta]
[ A2] = , A4l =
[ t2]m [ ta]lm
[tZ]m [t4]m
2 hS
( )
n, T ( ).t
aT; any 8. t
t ottt <ttt -t = At V,, U7, W
VL, VT, W ( 3(a), er, en.
Al Am Di , Do , ms (
) q, F! N le QZ: QS: Q4, le N2,
Mi(i =1, ,6) ( 3 (b).
VY =epT, UL=-¢eWn (2)
U =0T+ (F+ Qi+ Q+ PIAt(Am) ! (3
Uh =Uh+ (N+ Qs+ Qs+ PlK)At(Am) ! (4
m*:m‘+8{M1+ Mg - F%Q- mAl At(Am) *(D§+ D) * (5)

drillstring

well wall

3 (a 3 (b
Fig.3 (a) The veocity symbols at contact Fig.3 (b)  Thefree body of the small
point of drillstring and well wall section of drillstring



100 1998 30

2 (5
VI=ebT, UL} =- eli
N=-Am@t) "(1+e)Vhn- Qz- Qa- Pk
[ F, = fN
F =
F2 =Am(At) "(e- DUV7T- Q1- Q21 bk (6)
k,k g T.n , k=-dmsP, k =-dmwd ,a T
,0 ( 3(@).
At ,
y Mt q . F, < F1, , F =
Fz; s , F:Fl, s F:FzzFl,
3
Wilon-6 ) Wilon 6 , t+At
[ K] [P], (1)
[ K{ Ugead) { Ueadd = { Proat} (7)

[ K{Ugwa})] = [ K{ Ugoadd) ] + bo[ M]

{ Puondd = { P} +{ Prend - [ K({ Ugeadd) 1{ Uo} + [ M](bof Ug} + bo{ Ug} +2{ Ug})

) Newton - Rephon
{ Utsent} Wilon- 6 t + At
{Ugeatd = bo({ Ugeadd - { Ug}) + ba{ Ug} + ba{ Ug}

{ UQHAI} ={ Ugl} + bs({ Ugsadd +{ Ug[})
{Ugsatd = {Ugl +At{ Ug} + bg({ Ugsas} + 2{ Ug})

,bi(i =0,1, .,6) At .
{ Ursont} { Ut}

hi = d@iz“'wzzz( 1 (a)) a,



101

N =- (Fp0$ + Fpsrb)

, : (@
{Uo} ; (b
(7 t+0At, t+At
() ;5 (@

) 250 ’

20.32cm, 1.11t/ m?3

4.1

. 0 250 rad/ min
) (200 rad/ min )

170 rad/ min ),
[1]

100

4.3
6
0 70rad/ min

N
F = Fpod - Fpdrd
[ K]
; (d)
(b)
[2]
)
180 kN , (
31.115cm,
) (
[2] 8).
( )
12°/30 m, 95 rad/ min
12°/30 m

Fy2 ’

(6)

7.62cm X

5°/30 m

(70 rad/ min



102 1998 30

75rad/ min , )
70 100 rad/ min , ,

; 100 150 rad/ min , , ,

, 10 kN , ; 150 rad/ min . ,
, ( 70 rad/ min) \
32 . 3 2 g |
£Z 0 %" £z EZ.20
3 T-200 2430 33
% Z 40t nonlinear zZ 7 £.30
2 2 535 AT 2%
0o 4 8 12 16 0 05 1 15 2 7 0 50 100 150 200
well curvature (°/30 m) time (s) turn speed (rad/min)
4 5 6
Hg.4 The nonlinear efect of Fg.5 The ddeforce res Fg.6 The efect of turn gpeed
average vadue of sde ponse on hit of large on average vaue of sde
force regponse on hit deformation drillstring force reponse on hit
5
1) , Wilson- 6 Newton - Rgphson
2) : 5/30m
3) ’
(70 rad/ min ) , , ,
, (200 rad/ min ) , ,
, ; (100 170 rad/ min ),
4) ( 70 rad/ min) : :
1 . . , 1993, 10 (3) : 307 312 (Liu Yangang. A study of

dynamicsof the spinning drillstring in annulus. Computational Structural Mechanics and Applications, 1993, 10 (3) : 307

312 (in Chinese))
2 ) . . , 1994, 15 (3) : 259 272 (Liu Yangang, et d. Three
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A STUDY OF TRIDIMENSIONAL DOUBL ENONL I NEAR
DY NAMICSOF DRILLSTRING IN ANNUL US

Lix Yangang

(University of Petrleum { Zast China) , Shandeng Dongying 257062, China)

Abstract Based on the analyssof forcesand deformationsof drillstring with large deflection and in-
termittent contacts with the wel wall , the mode of the dynamic frictiond contact is improved.
Solving the double - nonlinear dynamic problem of drillstring by combinning Wiloon - 6 method
with Newton - Raphn method is developed. The computations show it is possble that various

kindsof contact exist togather or dternatively , and that dynamic analyss must be done in higher
revolution geed.

Key words large deflection, drillstring, dynamicsin annulus, double - nonlinear , contact model



