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Analysis of working dynamics of ball valve with pressure core sampler
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Abstract: The pressure holding coring technology can keep the extracted core under in-situ condition, minimize the

loss of important data in the core, and then accurately obtain important formation parameters which can calculate the

reserves of mineral resources. In this paper, the ball valve mechanism of pressure core sampler is studied by numerical

simulation, and its dynamic characteristics are explored to optimize the ball valve mechanism, and increase its sealing

reliability. The results show that with the increasing of thrust force on the ball valve, the shorter the closing time of ball

valve, but the vibration generated increases, which is easy to cause seal failure. Thus, the small thrust force is selected

to help improve the sealing reliability. With the decreasing of friction coefficient, However, the vibration generated

increases, making the leakage risk of ball valve much bigger. When the ball valve is closed, the pressure simulation of

30MPa is conducted. The maximum contact stress and the maximum strain are both within the allowable range of ball

valve.This study are meaningful to guide the optimal design of ball valve mechanism and improve its working reliability.
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Fig.1 Schematic diagram of ball valve mechanism
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Fig.2 Ball valve flip model
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Fig.3 Curve of the relationship between ball valve

closing time and thrust
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Fig.8 Acceleration curve of ball valve flipping vibration with a friction coefficient of 0.025

3.3 BRI £ fE F1 50 b7

R PR BR A 38 T R, Y ki R A A
J& T ERE SR 5 30 MPa iy 5 J1 , b FH I i TRV A%
BRI R L, L, JF R T BRI 30 MPa 1) ifit
FE AN AL, O WF 5% 5 i 2% 40 T BRI 0L g B AR
fiE 75 0 L 0 TR 8 B ER  BR R 18 A A9 AR R Inco-

nel718, fIK & 1 o i £ BB A0 R, 32 2 A 4 M g
M.

I AT AL R e B, T DA R R A i 1 g e R
9 133.67 MPa, & KW A8 4 0.0328(WLIE 9) , H K
JNE 3 RN AR AL AT R A A ik DX I A0 30 2
M o BRI S5 R 42 fi B ) B /N T A R JE i



BS1ER 6

BT A DR R OO Bl HL BRI A 3l 2 23 37

#& 1 Inconel718# ¥l &%

Table 1 Inconel718 Material parameters

w4 o RE
MRE 24 B At/ % PTERESHL ZHUA
8 (Ni) 50~55 HJE/(geem®) 8.2
% (Cr) 17~21 Jit 2 5 JE /M Pa 1034

#(Fe) 18~21 LR &/ MPa 1172
#E(Nb) 4.75~5.5 HEAf 2/ Y 20
#(Ti) 0.65~1.15

EIOND! 0.2~0.8

e (C) 0.08

5, Fie BBk R R R & 144 ) (GB/T 26147—
2010) v Y B 2R, 05 R R AR /N B AT Y
LR, G, 78 30 MPaJE J1 & F T, BR 1R g % 3 2
WHTR

(a) M=K

(b) RiAE z
9 7£30 MPa1F5 T Bk il £ i X 48 7 1 F0 B2 28 = [
Fig.9 Stress and strain cloud map of the contact

area of the ball valve at 30MPa

4 Zig
PABIE % B9 08 S0 T B i), A 28 7GR TR BB
TE BRI LA Y A D B R0k BRI AR RS AT

U5 FALL A5 H LR 4538

(1) bt % 4 7 ML 200 N 34 in 22 500 N, B 1§ % 4]
B[R] A 2.94 s FFRAR 51 1.5 s, {HLHE 7 5% BR 18 56 P41 s 1)
149 5 i A0, 328 T 72 /0N o () o i A 0 35, BRI 7 AR
f B 20 i 2 1 K 5 W £ ) 1 U B R RL BE
IR 25 B A9 P& 1k o 7 K 1 BE 0 IR B0 5 04 1
LR PR /N B T A B TR Bk i 8 = g )
e

(2) Bt 5 2 45 2R 50N 0.1 B 3] 0.025, 3K 18 &
B S DA A ) DA 3.2 s IR 31 1.96 s, fHL S 88 2 B0t %
P B T £ 52 ) W s 38 3 A o ) B i = 2 1Y
I 2y Bl 2 FEE 45 22 BA0 0 /N T3 0, AS R T 4 T K i
1) %% BHPERE

(3)FEEK 1 F0 5% BT J5 , 64T ) FE B8 1 o0 #r , 45
BB RER LA 7E 30 MPa 214 T f5e K3 il 1 77 4
133.67 MPa, fic KW 48 4 0.0328 mm, 1% /)N T [ {4 A1
B VR AT R, R A% L = R 2 B R

5 % 3Lk (References) :

(1] XA . Bl O 5 P G B B 230 B (7). B4 B8R, 2013
(7):109.
ZHAO Hengyao. Application analysis of drilling pressure hold-
ing closed coring technology[ J]. Science & Technology Informa-
tion, 2013(7):109.

(2] EVPGSE,ARHK , 5 an 3, 4F AR I BB 0L T H AR (L B33
Le B LT AT IBLAK , 2022, 50(2) :109-114.
WANG Xigui, ZOU Deyong, YANG Liwen, et al. Optimiza-
tion and application in unconventional oil and gas development of
heat-pressure-shape—preserved coring tool[ J]. China Petroleum
Machinery, 2022,50(2):109-114.

[3] ZE/Nie Kok 8, EDUE A5 M2 AOUE 2 DE O Bl R R T G0
Bt St []. 5 W, 2019, 55(4) : 1045-1050.
LI Xiaoyang, ZHANG Yongqin, WANG Hanbao, et al. De-
sign and trial-manufacture of the pressure-holding core drilling
tool for evaluation of coal-seam gas[J]. Geology and Explora-
tion, 2019,55(4) :1045-1050.

[4] 95 B, FARE . SUE M BIT RO B AR ZER [T R0 TR
CH 558 T /), 2013,40(1) : 3-7.
JIANG Guosheng, WANG Rongjing. Review of key technology
for shale gas exploration and development[J]. Exploration Engi-
neering (Rock & Soil Drilling and Tunneling) , 2013, 40(1) :
3-7.

[5] Wl R, B, 2R E L AF . RAK KR KA W I SO
ARLT] AR T2, 2009, 31(1) : 27-30.
HU Hailiang, TANG Haixiong, LUO Junfeng, et al. Deepwa-
ter gas hydrates drilling and coring techniques[J]. Oil Drilling &.
Production Technology, 2009,31(1):27-30.

[6] FFHAE 3BRIKNTKGYRIEIOGL R ET] R TR, 2000
(4):32-33.



38

BhiR T 7

20244F 11 H

[10]

(11]

ZHENG Xiuhua. Type 3 pressurekeep coring set for gas hy-
drates[J]. Exploration Engineering, 2000(4) :32-33.
WA R PR IO R TR SE T 27 R L] B R T
2015(5):113-114.
LUO Jun. Application of pressure maintaining sealed coring tech-
niques to Well Yanye-27[J]. Drilling & Production Technolo-
gy, 2015,(5):113-114.
SRUEHE XUEOR , BT, 45 G2 R 8 A IO HRTEIR IR 12
FERYRLHLT]. AR T.22,2007,29(4) : 110-111, 114.
ZHANG Hongjun, LIU Chunlai, WANG Xiaozhou, et al. Ap-
plication of submerged pressure maintaining sealed coring tech-
niques to Well Xushen-12[J]. Oil Drilling &. Production Tech-
nology, 2007,29(4):110-111,114.
AR AR IR AR ORI OO B R B AR RS T iy 1
WEFELT ] 0" TR G5 8l TF ), 2007, 34(7) :49-51.
LING Zhigiang, YANG Gansheng, ZHANG Jian. Application
of coring with formation kept techniques in SLCORE-I[J]. Ex-
ploration Engineering (Rock &. Soil Drilling and Tunneling) ,
2007,34(7) :49-51.
KGR s R B AE ARERC TR ELEL.O Rg it [T].
G ORSA 2R OB AR R L 2022,46(4) - 130-136.
LIU He, WEN Pengyun, SONG Weli, et al. Design of contin-
uous core-cutting system for pressure-maintaining coring tool
[T]. Journal of China University of Petroleum (Edition of Natu-
ral Science) , 2022,46(4):130-136.
XYM, B IE 8 S, A5 R R R S K A TR DR SRR A
HLPTE S N ERE[T]. B R TR, 2021,48(7) : 33-39.
LIU Xielu, RUAN Hailong, ZHAO Yi, et al. Progress in re-
search and application of the pressure-temperature core sampler

for marine natural gas hydrate[J]. Drilling Engineering, 2021,

(12]

[13]

[14]

[16]

48(7):33-39

B QR E O TR TAE S ARl A
WMALAK,2014(7) :16-19.

LUO Jun. Finite element analysis on the mechanics of ball
valve of pressure and temperature-preservation coring tool [J].
China Petroleum Machinery, 2014(7):16-19.

WS 3C, I, B4 % .GW-CP194-80A AU & Bt.o T2
BRI [J]. RIAS T, 2020,40(4) :91-96.

YANG Liwen, SU Yang, LUO Jun, et al. Development and
application of GW-CP194-80A pressure-maintaining coring
tool[ J]. Natural Gas Industry, 2020,40(4):91-96.
JAEAE B IR A IR IR UK W R RO B B R
il S [T ] B T AR, 2023,5006) : 18-27.

LU Chunhua, ZHANG Tao, XU Jun, et al. Development and
experiment of pressure core sampler for marine natural gas hy-
drates[J]. Drilling Engineering, 2023,50(6):18-27.
S, R T, SRR L 4 TKP194-80 10 %% M1 4 FR GG T 2L 1Y
WE S5 LT ] B TR, 2023, 50(4) - 77-83.

ZHAO Yi, LIU Hailong, CAI Jiapin, et al. Development and
application of TKP194-80 sealed pressure-holding coring tool
[J]. Drilling Engineering, 2023,50(4):77-83.

s U, 5T 52 48 3, 55 R 3 24848 40 B B v S8 308 Ja 1Y
R S HITLT] R I 4, 2022,39(10) : 54-59.

BAI Yunbo, ZHANG Yaning, YUAN lJiyu, et al. Research
and discussion on equivalent stress in design by analysis of pres-
sure vessels[J]. Pressure Vessel Technology, 2022, 39(10) :

54-59.

(% HH)



