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Design Optimization of Full Bore Stimulation Sleeves with Ball Drop Counting
using the Taguchi Method

ZHAO Chuanwei' ,LI Yun®,LI Guofeng' ,DONG Enbo' ,SUN Haoyu'

(1. Drilling Technology Research Institute of Sinopec Shengli Oilfield Service Corpration, Dongy-
ing, Shandong, 257017, China; 2. Technology and Equipment Department of Sinopec Shengli Oilfield
Service Corpration, Dongying, Shandong,257001, China)

Abstract: In this paper,the structural parameters of sliding sleeves were optimized to ensure initiating
pressure of internal sliding sleeve satis{y the requirements of field operations. In addition to strength en-
hancement of inner sliding sleeves, initiating pressures can be effectively increased in the proposed opti-
mized design. Major factors that may affect the initiating pressure of internal sliding sleeve were identified
by using the Plackett-Burman design method, then major influence factors were optimized based on the
Taguchi method. The optimal combination of parameters was determined through variance analysis. Per-
formance of the internal sliding sleeve before and after optimization were investigated through numerical
simulation and experimental tests, The optimized parameters included angle of bracket width, 18°; bracket
length,170 mm;bracket thickness,5. 5 mm;cone angle of bracket,89. 5%, dip angle of jaw,115°and the cone
angle of jaw,65°. The numerical simulation results showed that the initiating pressure of the internal slid-
ing sleeve is enhanced from 4. 8 MPa to 7. 5 MPa. At the same time,the maximum stress of moving the in-
ternal sliding sleeve is increased from 992 MPa to 1 101 MPa, which is still below the allowable stress of
the sleeve material. Experiment tests showed that the initiating pressures of an internal sliding sleeve is en-
hanced from 5.1 MPa to 7.9 MPa to meet field operation requirements. The results showed that the Taguchi
method could be used as a reliable method in structural optimization of full bore stimulation sleeve of ball drop
counting type.

Key words: Taguchi method; Placket-Burman design; full bore; stimulation sleeve; structure parame-
ter;design optimization

R BUESLH R B O R85 R (15 3% T URUT
RIA T, BRTESN BRI SN St e e A
AR SEHEAT R AU 2, LBl R TR A5 R 2 5k B S SR
BRI ST %, 5 S BOM I AR I S, TIL T BB T LR T, E-mail: 2cw860204 @
JE U B S I 5 R OB R S B L R £
S K TR B I R AT S, E AR IR T
PR BIERHARTIT, AR5 BIEZ AR

) 1 7
IWNF 7T

BOAR S AT R S| A A XA R S
:SG1307-01K) % 2R B

EHFH” (%5 . GKB1512) B




¢ 98 - e b 4k

® # A 2017 %1 A

Bt THOE AR BUR R & N Tl o Bk
2L ERWETE A R AL T AT A S NI B Be
Gl A 73 B BB R AT il T3 R R L TR SRR
B 25 IR 2l A2 L BEAT S5 4R v R R S8R
M PEAEY . BT FEAR T N A TR I SR
S B Al A e R0 TR R BOA A R R AR A A Bk X
T Al E LR JC A R G (REFID) &
SNSRI T VA O A MR A A VR T R 5 4
] I A o R PRSI IR A R RFID i 2 H
A A B BT T R BAR A B, I, 2
FOHE RGN e A R RO . AT ST R,
Al AR R B Th A E R S S EOY A TR Rk
9K Bl B B T AR ) (RPN I B SR ) IR
N RPN E SN SERMET Ol E
PARE B 6 00 A5 149 N 3 2 s A s T D it T o A
AR St TR e i AR RS S R S EON T
ERATSIAE  HE TR T BT, I, 5 2
AL ERN LS ERFNEENIIEIET.
RAE S R BT TR 7 B[] B P 2 gl A o A v BT 52

b4k MRS Mp2 SRR MOHE s

—=

S ATLAEREE SR ST nﬁ}k

LU SNV RIER 0PN N R S e o Y (1S I
75 B BT PN 1 45 R 2 1 L RAIE N T B
VYRR IS DL T L SR IR 7t e i Bl it T
R TR I R A AR TR R B R —
AT 55 e A SC OB 58 i R A IR IE . D e, 2B R i
KM Taguchi JriE oAb i & 19 2540 280, LB HE
PRIE P T 25 45 0 i 2 1 [ s 3 R Bl 1 1

1 PR 5 2 B 450 e TAE
Jirt 3

1.1 EHRBENEN

el R 20 B E 2 h Bk MR E,
PO JF 56 B | T A A BR AR 96 E PR R
S AL, P 1 TR . Hoh, AN R Y RER WA
P i R CRTE RN R . %0 238 e R
3~15 m’/min, R KM AZ R . EF T A
BTG Al R A Al BT S A N 4l AR A AR
ek

e

/

ERIK F \}:-]TE

Bl HEXEHELBEERBELEUTE

Fig.1 Structure diagram of full bore stimulation sleeve of ball drop counting type
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Fig. 2 Major parameters that affect the intiating pressure of
internal sliding sleeve in the full bore stimulation

sleeve of ball drop counting type
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Fig. 3 3D simulation model for full bore stimulation

sleeve of ball drop counting type
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Table 1 Factors and levels of the Plackett-Burman design
A K-
%> 24 RAKF (=1 mARFCHD
A o/ (D) 14 18
B 1/ mm 160 180
C t/mm 4 6
D B/ 89.7 89.5
E A 115 125
F 8/ (") 60 70
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Table 2 Experiment and relevant results of the Plackett-Bur-

man design

Fes A B C D E E Y, Y-
1 —1 1 1 1 —1 1 5.50 954
2 1 1 —1 1 1 —1 6.45 1451
3 -1 —1 1 1 1 —1 5.70 1151
4 1 —1 1 1 —1 1 5.10 1391
5 —1 1 -1 -1 —1 1 4. 80 774
6 1 1 1 —1 1 1 5.00 987
7 1 -1 -1 -1 1 1 4.50 1179
g -1 —1 -1 1 1 1 5.30 1036
9 -1 1 1 -1 1 —1 6.40 1329
v -1 -1 —1 -1 -1 —1 3.90 1029
11 1 —1 1 -1 -1 —1 3. 40 951
12 1 1 —1 1 -1 —1 3.95 940
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Fig. 4  Pareto charts for standardized effects

with different responses
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Table 3 Levels of three remarkable affecting factors

X ¥
7K
o/ () [/mm Y/ ()
1 14 160 115
2 16 170 120
3 18 180 125
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Table 4 Design and results of orthogonal experiments

=2 A B E Y, Y-
1 1 1 1 7. 80 1075
2 1 2 2 4. 85 781
3 1 3 3 3. 80 743
4 2 1 2 5.45 1014
5 2 2 3 4.70 841
6 2 3 1 6. 40 779
7 3 1 3 6. 90 1 146
8 3 2 1 8. 20 951
9 3 3 2 5. 80 793
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Table S  Mean values of Y, at different levels
K A B E

1 5.483 6.417 7.467

2 5.517 5.917 5. 367

3 6. 967 5.333 5.133

o 1. 483 1. 383 2.333
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Table 6 Mean values of Y, at different levels

ea A B E
1 869. 7 1081.7 938. 3
2 878.0 857.7 862.7
3 963. 3 771.7 910. 0
0 93.7 310.0 75.7
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Table 7 Sum of squares of deviations of different factors of

different responses
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Bt 20 100 178 566 100

B2 7 AT S8 AR o VAR y X 9 3 3l 1
FETT p BYSEMAEE R T XS e (9 5E W0, A LK p 1Y
FEM /N TR 0 P SE TR, R A P T 25 7 06 L 0 32
BORBY AT, p LR R BT EER, 7] i 2 S
HEGHA3,B2,EL], #M iRttt ik, a4
W RSB G R - i 8 18. 07, K 170. 0 mm,
I 5.5 mm, i 4k M 89. 5°, T/ 115. 0° F1 T4k
1 65.0°,

4 ARARHT IS N AT EPEREXT L

4390 i BR DG AR A1 S 00 PN T S 4 0 S B A, O
MRS LR BUE 3 ok g i B s e R iz
B ik B v T 2 9 RN g TSR A SR L 8.

H TR S S B AR S P T R M RE X T
ELMSEIALTTE B 2 ik e R i &
HEAT T Z RO . IRE A TN K, 32 %
5 BALFRALFR I B (L it 35 L/s, JE 77 13,6 MPa) |
pl14. 3 mm It A ZHELERERTE R &£,
FLRE W T F REE IR V) A1V, B AR (410 BRFT
% $114. 3 mm A D FFZE 0 ($114. 3 mm £E30



¢ 102 - S h

.
s

® # A 2017 %1 A

B 411 BEFFFID o R ARSI A9 A FL R AR TR A
JEZE B R A R 2L BR L b7 1k 5 2R b € 1R 1)
Voo B AR AIE 5 R .
DRI A YRR BT R O — A TR R
TR EA DL, 2R ) i Bz s i
W T 1 R B Je 2R KR N L E S s AR Y A
KRAGAE Ny B R BRI NI E R SRR 7. JEicE 5
AERERIG ATIFIF G, IS WP EAE A N &
e . AR IR 8,
Hidr s WV, JEh#E iﬁiTif I:"{.E?u Jﬁlﬂi“r‘fﬁ FAE AR AR
| |

=
L - d
i

1 i IV,

Bs5 HHAsHLBEERBEENENLKIRE
Fig. 5 Flow chart of laboratory experiments for full bore

stimulation sleeve of ball drop counting type
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Table 8 Performance parameters before and after optimiza-
tion for full bore stimulation sleeve of ball drop

counting type
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