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Abstract

The calculation precision of pipe string’s fraction was directly related to the quality of well com-
pletion. Domestic and foreign scholars have established a lot of models to calculate the friction of
pipe string, of which the “rigid rod model” was more frequently used, but the static pressure
without liquid at ends of micro-unit was not taken into account when the buoyancy of pipe string
on the unit is calculated, thus the calculation of axial force was the effective axial force. For the
pipe string unit that only side is contacted with liquid, if the displaced fluid gravity is used as its
buoyancy, additional axial force would be generated at the ends of the unit, the real axial force of
pipe string is calculated based on the study above, a new calculation formula is established for
improving the accuracy of calculation of pipe string friction. To verify the accuracy of the model,
the existing rigid rod model and the model established in this paper are used to solve the stress of
water injection string when it is lifted in a actual well, and Matlab program is used to solve it. By
comparing the results of the two models, the results of the model of this paper show that the pipe
string exists neutral point, the pipe string above the neutral point is subjected to tension and the
pipe string below the neutral point is subjected to pressure, this result is closer to the actual stress
state of pipe string.
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Figure 1. The force of pipe string completely immersed in liquid
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Figure 2. The force of pipe string as both ends without contacting the liquid
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Figure 3. The additional axial force generated by buoyancy
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Figure 4. The additional axial force equivalent to the concentrated force

4. Mot S e )
3. BEEZHEANEL
TEBIRI, AR Nt T 20BN A T AT 52 ) 50T 8 R E B
SRR I BN BRI . T BN DO, PR SFIR PO LR (R M A, BT
OEFHAT RIS QEE G BLE A, S SIFIRHAR 0 ORI
O H—REE MR OFHBEARERANE; OFWRAEENHE, R OF
BRI — CF IR BON BB @ HER T ) B ) . BRI 5050 A

31 EHRREHRBZHOH

NESLSRBRNEAE ICI R S, U S E A APR R ONED. JEisl O UFEH AL, N Hhd, A
KENI; ERIFAAR, BAREN|; DHAT, RAKENkK.

AL AR ZRALRE R (e € &), it no b RIPAE R TIZ T FVEL T M R EE L
T3 TR AL B AE IR B AR AR R _EARE 9K ds [ FTTiR AB, JEXTHEHAT R 10 #r. LA RN
B RL, HAZAAR Y s B N T, HAHEAARR N s+ds. 1Z IR A0 5 R .

XA AR T — BT AR U T 52 2R IS 7T, BB SN AR I E T Fr(s) » I TT AR Y
b IR R A 1) 73 930 Fu(s)R Fo(s), 7 [ 3 BLm I R ke e

F'(s)) = pgVv (5)
Fu(s)=Apghy (s) (6)
Fo (s) = Apghy (s) )

Aof: VOB R TAR, m®s A NIZBAE R TE AL mP hy(s)s ho(s)7r AN L R

T (P 2R, me



e %

N / Fy(s)
Mh(SerS;\ M, (s +ds)
O N
: Fy(s+ds) F,(s+ds)
M, (s+ds)
D E, (s +ds)
M, (s) F,(s)
z“”/A4(s)

Figure 5. The force of pipe string unit
5. R B RZIE

HREE AL S AB(A 1) AR F (5) A

A P Foo Fo B EAEDIZ. VR, BRI BT, No
A RUFIA IR M (s)
t
n
b

S M Moo My 28BN R, R34, BIVELE7 i L%, N-m,
BHLRALER s + ds(B A)IIBEH T F (s +ds) J9s

M (s)=[—Mt(s), Mn(s)' Mb(s)]

t+dt
F(s+ds):[(Ft(s)+ FU(s)+dFt),(Fn(s)+an),(Fb(s)+de)]{n+dn}

b+db

B RN JIFEM (s+ds) A

t+dt
M (s+ds)—[Mt(s)+th,(Mn(s)+dMn),(Mb(s)+de)]{n+dn}
b+db

O,

®)

©)

(10)

(11)



B SR ) TS B

Wk ds IR EERL ST g () :

n
b

qc (S):(iluaN'Nn’Nb) (12)

Hod: N ORFFBEXTE R AT 77, N/ms Ny A FEZ T I AR Al R 77, N/m; Ny HEIEZE 5 (1)
WIAHEAE ST, NIm; w, R BEER R AL, 1“7 AR R RRE A, RRREEARE -7, R
FERFHL “+7
AT AR E g, 4
g =G-F'=q,kg (13)
ke =1--1 (14)
o o AL KEEHFE, N; ke NFEDREG 1 rg NEFEREETE, kg/m®; v A REAT RIS E, kg/m®;
On NEFRAKEHE, N/m; g NEITH.
32. £&HHIE
HHUTCHE ds (52 1P 564, BG4S
F(s)+F(s+ds)+0q,ds+q,ds=0 (15)

FHRE). (10). (12). @RARE)IFEF 1

—(FU_FD)t+£t+FE+F at_dF, g dn
ds ds Yds  Yds ds " ds (16)
db dF

- ba—d—;biﬂaN”Nn”+Nbb+quf9=0

45 Frenetic-Serret 2 U H 2R ih 2 AL AR (1 507 i) 5 5 B A AR 2R 2 (8] A 9% AR (1705 5K (16) it A7 BE 1
IRIERE 1y VI TT 1) R RNEL AR, A3

F,-F
dj+w+ FK+uN-q.k cosa=0
ds ds
—dF”+(Ft+FU)K+Fb1+Nn—quf&sina=0 a7
ds K
dF,

——2-F7+N,—q kf&sinzazo
ds " " K

b o NIRHA, rad; ¢ NITAIFA, rad; KOAHIER, m™ o MEER, mY K AR, rad/im;
Ky AT AR E, rad/im. e

N?=NZ+N? (18)

Ka:‘jj_‘;‘ (19)
dg

K, =2 20

=g (20)

O,



e %

HIE AL BT ds /)R- i [18] W 45 :

dM,

=+4RN
ds
KM, +7M, = F, (21)
M,
ds "
K p REFEEREL 1, R AEHIME m.
F R UDARNTT R (17) I8 B AT 45 2 W B2 AT BE B A 200
£+(FU _FD)+K M, +u N -,k cosa=0
ds ds ds
d M 2 Ka 1 —
+(R+F)K+7 Mb+Kth+Nn—quf?sma_0 22)
_d@M, +KM) dM, ok Ksgin? =0
ds ds K
NZ = N2+ N2
Horp G i 2 S [18] 7 T
r_ ’ 2
T:K"K¢—2K“K¢sina+K [1+K JCOSO{ (23)
K K?
2
KzzTZ:./KjJrstinza (24)
3.3. AR FH
2 EARANRRCE AR, N TR R e, N i T S WA R A 2 B R R D, T
K |s:0 = pgh,A (25)
Fol, =0 (26)

Robe R, N RIS, N R,
ho A2 BB K 76 F ST 1 F 190K, m

R BT R S A AR, m?,

AR NG J7, Ny p REIFRERE, kaim®s A B

3.4. BRBPRE
K(2~26) WARLNETT R, X HER A UE ALK, B RN A RED PIZES 2K
dj_ K (5+1)_ R (S)
g~ 1(s+1)=1(s) @7
dM, M, (s+1)-M,(s)
ds  I(s+1)-1(s) (28)
d;ng _ My (s+2)-2M, (s+1)+M,(s) 29)

[1(s+1)-1(s)]



B SR ) TS B

M, (s)=E-1-K(s) (30)

A E SRR, GPar | AEHEIIIMESS, mb I(s+1)—1(s) FniZBUcEIOKE, m.

SR TR RO, TTRRA A ST TR My(S) R E AL RRALRAR, #3-H IR 178 2k
FVENEL T AT 5, SRS % B TE P LS A 3, R AR T 2 b B A 5
VRALHG LSRRI Sy, PR SRR S RS KEEE. RIS, R Matlab GiFEsRAR,
DAIF IR MR A 0, O RS e, BRI AN A B 22 I R — A M TE. Bk
BT DVASHIR IR ORI R AT R T IO 2 A, FERMAEIL . J7 (k.
PR, TRR . RIS, A% TTHTE R R B R S ORI RIS R/ h %
VRV R TR LV OMEL AP, 4 ISR B2 T 00 1D RV I 0 ) B 3 A
WS @SB 4, KUK A BKBERE A &8 3 T8 007 AR R 0 i L o T e
T35 @RI Rl KA.

4. SEGIRNF

GESPA NIFFRE R RN 2 @ R, 445 Matlab FE 5 —Se PR e B3R R R 32
GO, HTE RIREE N — AR EE e, FrUAHZRHAE R, B M =0, [FIE BT/
BB v R R, B r =0 . ZIFIREEE: IR IEVR 3586.60 m, /KFfi#% 1025.67 m, /K
L 0.286, fKIHFHH 50.7°.

FIR B = 4R 5 A 6 From. S AN 7~10 Fiom. @it b A B, WIRERL 550 A B8 g i
PRZE AR, E 2 A WA AR B T 53 B A A A0 % UL B 3852 hr, e Kl vz 7 IR 49 280407 2y 838,960 N
MEEE R AT S BRI E AR E S, RSO ERZE, ML B2 R, KT
838,330 No [AIRfTHRE A RIA R, BT EHAFEZ RGN, Wl S8 7SR & IR A R
NS, LG LA EAIR, EHE BN E A IR A BE LU S NI AR B B R S B A R 32 T SEBR
e

J[ 0

8

8
HiF/m

Figure 6. 3D graph of the well trajectory
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Figure 7. Curvature changing with the depth of well
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Figure 8. Pipe string elongation changing with the depth of well
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Figure 9. Axial force changing with the depth of well
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Figure 10. The lateral force changing with the depth of well
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