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Fig. 1 Field installation position and detailed structural components

of connection union
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Tab. 1 Statistical distribution of typical failure forms and locations
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Fig.3 Geometric model and dimensions of the connecting union
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Fig. 4 Finite element mesh and load distribution
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and physical fracture morphology
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regions of sealing grooves for connecting unions before and after

structural improvement
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Fig. 13 Field test

8 it

BEXF 1502 A% 12 i T- Bl R 300, 32 FH A S
PRI B 7k f S T 1 T 1 # P BE f BB
TR TN RS @ WS L RER T, &8z h T
F12PERERFSE IR B T E S R TR S A . TR
Fomti b, X TSR T T RGBT, S T R
M A5 AT T X e apT A5 DA 224518

1) ¥4 th T 2R AOY N 9 57 Wi 24 5 il U , v
S5FAL T B IR SR AT LA R B, O EAE S
B R — B R EE A 7 1% R 6% A7 2 F )
2% F T 0 S RGRA

2) BIHTB T RS L 25 4, LIRS0 T 2 B
A B B AR SR ESCF RO, I B T
RE R T SR A A o BT i T4l Bk g,
fit A T 35% .

3) B 3 T A A A B0, AT DA/ RE T
035 2 1, A R G N 7 B v [ BSR4 1 ) I
AR RIS o, /N T 68. 6%, I 8 R KK
INT 57. 6% SRBGHA F K S/ T 63. 4%, 5% 71
IS, B B AL B v R AR B REA , B KR
Sro, W/NT 27.9%.,

2 % ik (References)

(1] e, &8 430k, % S REIDE S T A A A [T].
MU T A2, 2018(7) : 136-138.

JIANG Heyan, JIN Xin, DU Wenlong, et al. Contact analysis of
high pressure manifold coupling union[J]. Mechanical Engineer,
2018(7):136-138. (In Chinese)

(2] Be#l, Bk, BEhE, 55 . ARBES I8N HTHAT RSB 1
18 S A BROCRE 2B [T, MU, 2008,30(5) :823-828.
DUAN Wei, WEN Xinlin, TANG Guiji, et al. Strength test and
FEM-based stress analysis of threaded connection for steel tie rod
under different connection rounds [J]. Journal of Mechanical

Strength,2008,30(5) :823-828. (In Chinese)
(3] 248, /NG5 . ST RITo b IR SON ) 54 B o

(4]

(8]

[10]

[12]

[13]

(V] KA TR B4l (A AR , 2022,23(2) : 56-60.

LI Weijun, WANG Xiaofang. Research on thread stress and screw-
ing depth based on finite element analysis[J]. Journal of Changc-
hun Institute of Technology (Natural Science Edition) , 2022, 23
(2):56-60. (In Chinese)

ik, e TEHAT , A WRRE I BE 5K X A S AR T,
S )], R T ARG~ B4, 2007, 17(3) : 29-32.
YANG Qiang, MIAO Dehua, WANG Yanli, et al. Influence of nut
thread shape and screwing length on bolt root stress [J]. Journal
of Tianjin University of Technology and Education, 2007, 17(3) :
29-32. (In Chinese)

AR AT BT R AE B R SRR AN 1 AT S AR A
(1], BB B4l (A AR , 2012, 14(5) : 118-121.

LI Ming, YAN Rentian, XIAN Qibiao, et al. Stress analysis and
structure optimization of drilling connection [J]. Journal of
Chonggqing University of Science and Technology (Natural Sciences
Edition),2012,14(5): 118-121. (In Chinese)

WS E i AL T g Y SR80 AT A B R (T ).
SR TN 1) ,2021(8) : 78-81.

TAN Aifang, FENG Ling. Failure analysis and improvement mea-
sures of high-pressure piping system[J]. MW Metal Forming,2021
(8):78-81. (In Chinese)

R EEIL TSRS B KO E AT [D]. I K
TLR2,2020:5-30.

)

FENG Zhicheng. Sealing design and mechanical analysis of union
connection of high-pressure manifold[D]. Jingzhou: Yangtze Uni-
versity,2020:5-30. (In Chinese)

American Petroleum Institute. Specification for rotary drill stem
elements: API Spec 7[S]. 40th ed. Washington, D. C. : American
Petroleum Institute,2001:98-120.

R R, JLGA 55 AR A e B RO R
WrFEld]. MU 5 A ik, 2022,51(6) :127-131.

HUANG Wen, DU Wei, FAN Zhilei, et al. Finite element simula-
tion research on bolt tightening of CFRP[J]. Machine Building &
Automation,2022,51(6):127-131. (In Chinese)

SRR XU, B st 5 2 i BB AT S SR BT A TERE AT
LSRR T ). S0 TR 2A41, 2023,30(4) : 209-222.

ZHANG Zhen, LIU Qinglong, YI Xianzhong, et al. Mechanical
property analysis and structure optimization of drill pipe joint
thread in curved section [J].
2023,30(4):209-222. (In Chinese)

CHEN S J,LI Q,ZHANG Y, et al. Finite element analysis of tooth

Journal of Plasticity Engineering,

load distribution on P-110S conic threaded connections[J]. Interna-
tional Journal of Pressure Vessels and Piping,2011,88(2/3) :88-93.
GABRIEL C. The design of tubing and casing premium connec-
tions for HTHP wells[ C ]//Proceedings of the 2005 SPE High Pres-
sure/High Temperature Sour Well Design Applied Technology Work-
shop. New York:IEEE,2005:17-19.

I BE I ERIRSUTAE S 240 R 55 e B (D], K
PR AR AE AR 24,2020 5-6.

WANG Xuan. Mechanics analysis and fatigue life prediction of

casing drilling connection thread joint [D]. Daqing: Northeast



158 HL Ui

i 2026 4F

[14]

[15]

Petroleum University,2020:5-6. (In Chinese)

TRAEN . R IRIREUHE Sk 8 P RE R He 08 LA 90 S et S e
fEID]. VY22 P42 A, 2021 : 10-20.

ZHANG Jiahao. Study on sealing performance and connection
strength of premium connection and design parameter optimization
[D]. Xi’an:Xi’an Shiyou University,2021:10-20. (In Chinese)
FF R  AFEE5F . BRI R S U RE AT DG
WF5E [C1//5 = Jm 4x E WL L AR A RS 4F 22 RAE 210 308 . b
aR 4 Tk iR, 1998:152-157.

WANG Shengping, XIONG Xiaodong, SHI Xiangmi, et al. Study
on the correlation between metal fatigue limit and conventional per-
formance [ C]//Proceedings of the 3rd National Youth Academic

Annual Conference on Mechanical Engineering Materials. Beijing:

Metallurgical Industry Press, 1998:152-157. (In Chinese)

Ll ¥y Wrde i e, 55 . VB I NIREU Rk e i oE [T ).
MU B 53, 2024(2) : 105-110.

HOU Hongling, CHEN Xin, CHANG Xianglong, et al. Experi-
mental research on mechanical properties of cold extruding inter-
nal thread[J]. Machinery Design & Manufacture, 2024 (2) : 105-
110. (In Chinese)

ZEAT I, G SRS, A TR IR RN D Y LR AR R A G
ARG B AR T FURIFFE (D], HLARGREE , 2024, 46(1) : 70-76.
LI Shubo, LIU Qian, JING Guoxi, et al. Research on creep test and
constitutive model comparison of compacted graphite cast iron
under wide temperature and stress range[J]. Journal of Mechanical

Strength,2024,46(1):70-76. (In Chinese)

Mechanical performance analysis and structural improvement of connection
unions for high-pressure manifolds in oil and gas fracturing

HE Yue' CHEN Bo' TAN Shiwu' CHEN Tong® WANG Meiling’
(1. Downhole Operation Company, CNPC Xibu Drilling Engineering Co., Ltd., Kelamayi 834000, China)
(2. School of Mechanical and Electrical Engineering, Southwest Petroleum University, Chengdu 610500, China)

Abstract: [Objective] To address the frequent fatigue fracture and corrosive leakage failures of 1502-type connection
unions under coupled high internal pressure and intense vibration profiles during hydraulic fracturing operations, a high-
fidelity mechanical simulation model was developed to extract the precise structural vulnerabilities and formulate an optimal
geometric modifications. [Methods] Firstly, guided by a torque-to-preload conversion formulation, an initial structural preload
of 200 kN was implemented in tandem with a maximum field operational internal pressure of 90 MPa. A two-dimensional
axisymmetric non-linear finite element model incorporating multi-body sliding friction behaviors was constructed for the
FIG.1502 union fabricated from high-strength 40CrNi2Mo steel, wherein a dual-time-step incremental solver was executed to
fully replicate the physical sequence of assembly fastening followed by intense fluid loading. Then, based on the structural
design philosophy of critical stress relocation, an innovative thread-to-seal misaligned configuration was developed to
disengage the co-axial spatial path of the sealing groove and external threads. This design was tightly integrated with an inner
diameter reduction from 101.5 mm to 90.3 mm for localized wall reinforcement, an expansion of effective thread counts to 7,
and a customized 125° transition slope profile. Finally, full-scale comparative stress simulations and empirical industrial opera-
tion trials within the Jimsar oilfield were carried out for engineering validation. [Results] Numerical diagnostics indicate that
the peak equivalent von-Mises stress of the original union aggregates at the root of the first thread groove, reaching 559.5 MPa
with an extreme stress concentration factor of 5.181, which is the dominant factor leading to fatigue fracture of on-site threads,
while the sealing fillet sustains a stress of 244.08 MPa. Implementing the thread-to-seal misalignment configuration effectively
shifts the maximum loading burden to the reinforced sealing fillet, cutting the peak global stress down to 175.94 MPa (a 68.6%
mitigation) and dropping the global stress concentration factor to 2.199 (a 57.6% reduction). Concurrently, the localized
maximum thread stress drops to 165 MPa, yielding a highly uniform load distribution across all engaged thread teeth. Field
deployment proofs confirm that the optimized connection union operates continuously for over 460 h under a peak pressure of
90 MPa without degradation, demonstrating a 35% improvement in fatigue life compared with the original failed old union.

Key words: High pressure manifold; Connection union; Mechanical performance analysis; Structural improvement;
Fracturing operation
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