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Characteristics of Rectangular Rubber Core of Ram Blowout Preventer for Coiled Tubing
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Abstract: To solve the problem of the frequent failure of sealant rubber core of the ram blowout preventer (BOP) at
the critical position in well risk control, a rectangular rubber core of BOP was designed and its three-dimensional
physical model was established to analyze the mechanical properties of the rectangular rubber core by using the static
theory. As the cumulative effect of hydraulic thrust and medium pressure of the well, the sealing force of the rectan-
gular rubber core was deduced. The finite element analysis method was used to analyze the nonlinearity of the mate-
rial and its elastoplastic properties were studied. It was found that the rectangular rubber core could withstand a

maximum hydraulic driving force of 19 MPa. When 0<CF,<C8 MPa, the rubber core was at its stage of elastic de-
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formation; when 8<CF,<(10 MPa. the rubber core was at its stage of elastoplastic deformation; when 10<CF,<C19
MPa, the rubber core had remarkable plastic deformation. With the ANSYS fatigue life tool, it was concluded that
the cycles of the rectangular rubber core were about 134 700 and the fatigue coefficient was 0. 074 26 under the hy-
draulic driving force of 10 MPa. The study shows that the rectangular rubber core can effectively solve the problem
of rubber core failure at the critical seal position.

Key words: coiled tubing; ram blowout preventer; rectangular rubber core; finite element analysis; fatigue life
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Fig. 2 Mechanical model of rectangular rubber core
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Fig. 3 Rectangular rubber core structure
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Fig. 4 Semi-closure rams structure components



+ 126 - INZR B R A 2 4R CH AR 2 B 2018 4F

1
(AVG)
.003918
.048034
8.55673

.048034 1.93886 3.82968  5.7205 7.61132
993445 2.88427 477509 6.66591  8.55673

BS5 ZOEUNEEREMNSNEEESHERTER

Z] P 4 BS N Bs iceq —
Fig.5 Finite element model of the simplified 6 8 MPa B FZiH) von mises i 71 2
e Fig. 6 Von mises stress distribution
rectangular rubber core after grid division

of rubber core at 8 MPa

H L6 n] 1. Y g Y B 32 B 8 MPa 19 W R #E 3h B, BSOS Y % R R S B #E 0. 048 034 ~
8.556 73 MPa, H 53T U AT AY L #3565 22 47 P A9 von mises [ 1 {H i K (8. 556 73 MPa) , /N F 14 B
JE AR BR 9. 2 MPa, & AT 3tk AR T o (R 482 30 A4 R4 i Jai IR e B o RCKE & 2 SRR AR I

&7 AT A B 2 2 10 MPa 1) e 4k 3l g i), 58 5Es 1 R 7 98 L ZE 0. 058 79~12. 659 3 MPa,
R U HT R A R S 22 A7 A von mises W (B e K, e RN I3 {H R 12. 659 3 MPa, KT #4081 JH
R B 9. 2 MPa, &A= T 8PEAETE

R 8 Al Bt 32 2 19 MPa 1) 0 4k 2h 1 B 58 30T B4k A 9 R P 3G 22 45 Y von mises
I B e K s e RN S (B R ik 39. 780 4 MPa, Szt 7t 8 HY b A1 JiE IR BR 9. 2 MPa, %28 T #c KA AR TE .

(AVG) (AVG)

0.04988 .007872

0.58796 .08353

2.6593 9.7804

L S I L I

.068796 3.85892 5.65904 8.45916 11.2593 0.8353 8.90506 17.7266 26.5481 35.3697
1.45886 4.25898 7.0591 9.85922 12.6593 4.4943 13.3158 22.1374 30.9589 39.7804
& 7 10 MPa Bt Bk B9 von mises i 1 = & E 8 19 MPa Bf B4 HY von mises M 1 = B

Fig. 7 Von mises stress distribution Fig. 8 Von mises stress distribution

of rubber core at 10 MPa of rubber core at 19 MPa

TEFEAT o Bt S AR v, S X AR T IS GES 08 W R 4 3 ) 28 31 20 MPa B, SR fift © 28 T ik k47, T U E
JBEE B 2 0k 2 L B PE R L 32 BIBEIR
H P9 I SRR I Gt 1 B K5 8 B I 748 e A AR S s 15 R T A 45 300 B O A2 95 [ AE 0~ 10. 425 mm,
B3 A TR St BE 8% K AR 1Y) B R S AU B TR AR {2492 10. 425 mm,
i DA B g3 A S8 AT A 2 i Sl A R R AR B WS A 1 AR R B B8 T R B2 Y B R T HE 3 ) 2
19 MPa, 2§ 0<{F,<<8 MPa i}, I8t H & A gk A8 5 24 8<<F, <10 MPa I}, BEA b 28 I A SV 5 24



5 33 X KA« S AE P IR A 5 168 45 AR T IR B 4 P E - 127 -

10<CF, <19 MPa i}, 4612 It S VR 728 & 2%
19 MPalsf 459 B oAl vl 48 BF TA4E, KT 19 MPa
A T I8 005 2R 3 &ﬁﬁﬁ 2t HRE T 2 W LR

F 2K,
WA %5 T B s B Bix K von mises W Y

I S A B0 1 22 A 0L P 3 R
T 2 e A 0 7 0 A O B 32 e s A5 5 2 o
) B 54 R (1 355 43+ L O 28 38 T T 5 34 8 T 4
I AT 25 2 35 A0 8 5 2 6 TS 85 6 I 05 A %
58 i 9 B B T o L AT T R 4 L
ST 6 S22 R 04 22 4 P R

4 EERGHESFaitHE

FEF HRAS R 2 1) 07 R R Bt AR Ze v i
ﬁ%%U%ﬂ%ﬁﬁ%&kﬁ1MWM%mﬁ
Hezh I3, B I A XY 1 902 Sl i AN-
SYS B B9 57 43 B T H 12 40 T s 1E AT 9%
G5 FFA M SRAF AR T S S (4 5 5 i A1
Hﬁﬁ%ﬁw4m0ﬁ%ﬁm§ﬁﬁaw4%o

S5 B AT SO TE S S 10 8 7 2 4 BT AN BR ot
Vil %Tﬂjﬁitufﬁﬁﬁ§ﬂ£ﬁ§£
] 9 25 BRI, B F 28 G2 00 7R 07 DA B F: 8 I e e 44
AR I [ 249 ARAE A5 0 B S 78 & AR HF TR
AT BF o TR R S A T A 55 R T e s v S T
Qb TR T ) A e 0 A 7 A N S AR AL
FE AR R 36 IR FH R 48 T8 B0 7 D A

(a) 8 MPafit LRI NH = B

BRI SR . R R, (RS T O e

R IPSS SRR iR~ AR QAVAK (95 N ) (P N

R R SRR R TE A2 T e B DX it R i TR i B9 REMEEEE

NS &0k Fig. 9 Displacement contours of rubber core

5 %Kit
1) B it 3% 2l A8 W] Al By Mo 5 0 I Jise ot - a7 s JHE 235 A A i B st LB SR T g 2 B B0, 4 5 EIE
N SE R E AR IO R i (5 =2

2) M ANSYS 45 BR IG5 53 W1 1% 3% Sz i 45 F A B W% 25 I G808 1) 3 98 Pk e 1 24 O<XF, <<8 MPa
B JBE S Ry SR AR TE [ B 5 24 8<TF, <C10 MPa B}, g st ¥ PR AR JE B Bt s 24 10<CF, <<19 MPa B}, Ji .t 3 HEA8 JE
W3E KT 19 MPa B RO KRR, I RAGHE Y B0 1T 7K 32 19 e R R HE B ) & 19 MPa K L AE# B I )
10 MPa (9% 57 8 3R B 240 2 134 700, 9% 55 i R ECk 0. 074 26,

3) HE I U F5e 5 A2 B0 BE AR R 1) 350 40 ) B0 A S A0 RS I A 2 A T T i R Ak e 0 S A2

T S0 S T A o G 37 376 3k 5 3 6 T A 1% 28 b 2 A T T A 1 T 2K R TR RS A R T R AR R A
(147« B0 A 2550 gt A IV B 91 T L FSE S0 7 5 2 7 8 2 285 A0 [ L 52 A 0 36 B3 1 2 & il 220K . {HLi%
R TP R 0 8 FH 8 B AN T8 A W B T80 T 75 2 K 10 G 1 I 4



.+ 128 - INZR B R A 2 4R CH AR 2 B 2018 4F

SE K

[1]JYUE S H. New technology of coiled tubing drilling in slim hole [J]. CS Canada Advances in Petroleum Exploration and De-
velopment,2014,10(2) ;84-87.

(2] F A AR, S0k 2FZ18-21 B W AR B ok B IR G 69 A IR T oA B 4 Mt [J]. 4R £ %,2010,33(6) :84-87.
SHI Qingchun,ZHU Weibing,JI Xiaolin. Finite element analysis and structural improvement design of the adhesive core of
the 2FZ18-21 ram type BOP[J]. Drilling &. Production Technology,2010,33(6) :85-86.

[3]GARIBOV M A. The designing of universal blowout preventers[J]. Petroleum Science and Technology »2009,7(3) :934-937.

C4J B e JE 19 405 5 28 Moo 0 3 SR ALER 55 25 M A it (). B b bual . 1994,22(3) 13741,

CUI Lan. Sealing mechanism and structural parameter design of rubber core of hydraulic ram BOP[]]. Journal of Petroleum
Machinery,1994,22(3) :37- 41.

(5140 %, B A,/ R S, AR B7 o 38 IR A o 9B B T8 B 3 SR (T, B il ALk . 1994 7-11.

LIN Jun.CUI Lan, HUANG Tianbing. Calculation of the eccentricity range of the rubber core of ram BOP[]J]. Journal of Pe-
troleum Machinery,1994,07(7) :7-11.

(61K E A TR HFEF . F. BG5S 69 A R [T] AUE H EH K .2007,18(9):217-220.

ZHANG Baosheng, CHEN Jiaqing, XU Honggqi,et al. Finite element analysis of tapered plastic core BOP [J]. Aeronautical
Manufacturing Technology,2007,18(9):217-220.

[7]JLUO R K,WU W X, Fatigue failure analysis of anti-vibration rubber spring[]J]. Engineering Failure Analysis,2006,13(7)
6-10.

[8JWOO C S,CHOI S S,LEE S B, et al. Useful lifetime prediction of rubber components using accelerated testing[ ] ]. IEEE
Transactions on Reliability,2010,59(11) ;11-17.

[9JWOO C S,PARK H S. Useful lifetime prediction of rubber component [J]. Engineering Failure Analysis,2011,18(9):51-
64.

LI0JFR B2, Bl ATH. MRS B FHRHLRE BT E 5[] RAA T ,2006,26(11):80-81.

CHEN Huiqin, TANG Bo, HE Wei. Failure cause and countermeasure analysis of ram BOP[]]. Journal of Natural Gas In-
dustry,2006,26(11) :80-81.

(1112 e . 1 A B3 vk 35 2 31 R ROR B A ST R A1) ). AL % 32,2014, 14(7) : 208-301.

ZHOU Sixiang. Failure cause and countermeasure analysis of ram BOP[J]. Journal of Chemical Management,2014,14(7) ;
208-301.

C12]E 8 AT 230, ki 5. AR "R BIRSFH AR [T]. B ik 5 A, 2010,39(2) :16-18.

WANG Xizhou,FU Yukun,ZHU Haiyan, et al. Sealing and damage mechanism analysis of rubber core of ram BOP[]].
Journal of Oilfield Machinery,2010,39(2) ;16-18.
(1813 2 3. MM Bk % R4 FH 3t 5 R [D]. F & . F B &k F.2006:15-57.
(1413 . FZ35-105 17 4 B7 o 28 % B #r ALz 87 20 [ DL 3 - Kz X 5 .,2016:32-48.
(1504 F AR T by, WAL B vk 33 A 4 3T A Sh ok A s k4[], B 3 40 4R, 1997,18(1) :123-128.
LIN Jun, WU Kaisong. Parameter and structure optimization of rubber core seal parameters for ram blowout preventer[J].
Journal of Petroleum Science,1997,18(1):123-128.

[16]% &. MM B FH E ey CAE AR X434 5 47[D]. XK : R b4 i X 5 ,2015.47-58.

[17]4h MR T4 . 5% S AHBEEME T R2AH I FHERGARASHI]L LAMARRFFRE AHF .
2016,35(5) :87-95.
ZHONG Weiyan, REN Yongsheng. GAO Feng,et al. Finite element simulation of dynamic characteristics of composite thin-walled
shaft rotor system[]J]. Journal of Shandong University of Science and Technology (Natural Science),2016,35(5) :87-95.

[18]LAKE G ]. Mechanical fatigue of rubber[]J]. Rubber Chemistry and Technology,1972,45(1) :309-328.

(9] G2 R B EZMIF.F. KRG REILRIREMHGARA T b AAHKFFRCE KA F M), 2017,36
(1):94-98.
CAO Lianmin, WEI Cuicui, WANG Penghuai, et al. Finite element analysis of the main components of large mining height

hydraulic support[ J]. Journal of Shandong University of Science and Technology (Natural Science) ,2017,36(1):94-98.
(R . F &)



