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Abstract: As shale gas exploration and development in the Sichuan Basin progressively advances into deeper
formations, the formation temperature and pressure become higher, the horizontal sections grow longer, and the
operational pressures increase significantly. Consequently, there has been a notable rise in the number of casing
deformation wells, and the degree of casing deformation is becoming more and more serious. Traditional dissolv-
able bridge plugs often encounter obstruction and sticking issues when running in casing deformation wells due to
the limitation of their outside diameter, resulting in difficulties in smoothly lowering them to the target section and
affecting normal staged fracturing operations. To address this issue, a spiral anchoring mechanism was designed, a
finite element model of small-diameter dissolvable bridge plug + spiral slip + casing was established, and numeri-
cal simulation analysis and laboratory validation were conducted on the pitch, number of turns and thread orienta-

tion of the spiral slip. The study results show that as the pitch and number of turns of the spiral slip increase, the

LG IH P EAATY RIS A RRHE I E 2SR T AR RS (202517203)



20254 H 53K H 104 RRR, F. BT TBFERLAARD AR TERERRF RS AT — 73 —

maximum anchoring force of the spiral slip shows a downward trend. The pitch of spiral slip is recommended to be
40 mm, and the number of turns of spiral slip is recommended to be 1. Meanwhile, when the thread orientation of
the spiral slip is opposite to that of the spiral expansion cone, the anchoring performance of the ultra-small diameter
dissolvable bridge plug is better. The maximum anchoring force of the spiral slip reaches 503. 2 kN, meeting the
requirements of staged fracturing in casing deformation wells where small-diameter anchoring in large annulus is
needed. The conclusions drawn provide references for the design of ultra-small diameter dissolvable bridge plugs.

Keywords: casing deformation well; ultra-small diameter dissolvable bridge plug; spiral slip; structural

design; simulation
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Fig. 1 Working principle of ultra-small diameter

dissolvable bridge plug

1.2 N=ZESH

ProEfE TAE B, HA RN m 146
TRIER LS EERE A fEdE, HIbA 2R A
3BT AR A FH 7 i e] 52 e R BL A 2 A TR BE Y LA



&l A AR

20254 #5345 H 104

oL B2 N REZ I 2w, R
FUH E o HEAR 32 B R U B R 2 ) Fy, A T H.
YER T BSERAHE T F,, HEURS R TR 8 Z 8] /Y
BESE S f, B IE IR

)

I—HEg 2— RN 3—REHEE,; 4—5%,
A2 FRZA>HA
Fig. 2 Slip force analysis diagram
TERE i, A WAL T bR, R
- i B AT A5 5

Fisinf + f, cos0 = F, (1)
F.cos0 = f,sin6 (2)
f., = Fiang (3)

Ko oW HEIR T IS B TR R . ()
o M HER 55 R LI 2 IR A ()3 PR
TR R R B R O S, Ny PR
THAEIEHEG LI, N; £, Rk 5 R T
HERIBER T, N.
R (1. R (3) A
F,= - (4)

sin @ + cos ftan ¢

VAR B A TR RIVIEZ J3 038, Al A

filcos @ + Fisinf = f, (5)
Flcos@ - f)sinf = N, (6)
[ =Flian ¢ (7)
f. = Ntan g, (8)

Kefe fONHERS RO T, Ns £ RE

W Z RSN BEEESE ), Ny N BB Ak 3

REEHRAIERM 1, N; F!5R T2 B HEA 0 A

M1, N fo 505 R—XERT; FS5F HR—

SHEMT1; o WEENEES RIIGHEREM, ().
Bars (5) ~xL (8) A%

tan @cos @ + sinf) _ tan¢ + tan 0

t = =
P05 6 — tan @sinf 1 — tan ¢tan 6

=tan(¢ + 0) 9)
Bl (9) ATAIR O 5248 TTHXHE 30 A

BAAE, B NEES RN o 5 K THEMA
R TR ) BE B A1 o [) HHEAAR 5 R UK A 42 fh T )
iR 0 ZF, HVA
o >p+0 (10)
BEEMRL T, SERBESEM A ROTEA . HER
R ST, VAR POV O (2 i Jm AT
ASFIEER G Sy, BRI ) P RREIZ AR
¥ (4) #L (7)) AKX (6) AR RILRE

BENI I
_ F (cos6 — tangsin6) F,
N.= sinf + cosflang  tan(p + ) an
REKEZAEENEER, AN RELNSEEN
BEZ [R] 2 b AR, TR ) R A R 1R
0'=% (12)

@+O<45 I, HEMAR I Sy AR R YR, iR
eiE . My kI IENT, REKZAE
EWIRBEDGE T My 2888 B 5 1R FEPERE

MR LRI AR S UK OCR T

b =s(tana, + tan a, ) (13)
A oA EIEIIRE (GK), mm; o
AR EPEETHER S A, (7)) s AR BPEET VR TR
(AT, mm; o, WARBHEET AT A, ().
RIS B Al A B 07, BT LA
wd6'b
A= 360° (14)
X dAHERR, m.
AR (12) 1530 Rk
_ N, _ F, 360°
7T tan (@ + 0) wdO'b
F 360°

= : 15
tan (¢ + 0) wd#'s(tan o, + tan ;) (15)

2 BAZE

/N AR AT A E IR IE R OB R R AR R
60 mm, &M THEN114.3 mmER, ¥ik%E
I 100%. A 2R &R MR R ECH R A
A AR, PR E S 1500 MPa, YA LN
0.29, M€ —4e AL A 3 fr s . N E T8
M, FESRHELE A PR BE T, O AR A NI
PRIt i 4= 29 3, Xk 58 TG o 1AL e 4 240,
U o s ) L AS R A, S N A 1) 2R, A
TR 3 P fh, BESREDIBON 0.3, FREE A% 2R
¥k C3D8R . M ZEA7 BRITINAE Xl 43 an &l 4 B 7 o



2025 4

% 53 %

% 10 4

L. BE TR ARTIENE SR T R M

—

Fig. 3 3D model diagram of bridge plug
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