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Abstract

As the drilling depth of the Tarim Oilfield in Xinjiang Province continues to climb, the chemical
composition of the magma inside the crust becomes more complex, and the length requirements
of oil production tubing are also increasing. Therefore, higher and higher requirements are put
forward for the corrosion resistance and mechanical properties of tubing. The traditional metal
tubing cannot meet the needs of deep well oil production due to insufficient strength and poor
corrosion resistance. Non-metallic polymer matrix composite tubing has gradually gained popu-
larity due to its adjustable mechanical properties and high wear and corrosion resistance. In addi-
tion, the improvement of well depth urgently requires ultra-long polymer matrix composite tub-
ing, but its mechanical properties are difficult to measure experimentally. Therefore, it is of great
significance to use the finite element simulation to carry out the optimization calculation and
andpre-diction of the mechanical properties of the tubing. In this paper, for the 10,000-meter ul-
tra-long non-metallic polymer matrix composite oil pipeline, the one-dimensional linear unit
technology Pipe288 is used to carry out the optimization and calculation of the mechanical prop-
erties of the oil pipeline, and the calculation of the mechanical properties of the 10,000-meter ul-
tra-long non-metallic polymer matrix composite oil pipeline is realized. Firstly, according to the
structural characteristics of the multi-scale collaboratively reinforced composite oil pipeline, the
mechanical model of one-dimensional linear unit is established, and using ANSYS software, based
on Pipe288 unit, the finite element model of 10,000 meters of ultra-long non-metallic poly-
mer-based composite oil pipeline is established, and the distribution law of stress, strain, and de-
formation of the oil pipeline under different working conditions is analyzed, and the mechanical
properties and reliability of the oil pipeline are explored, and reliability of the oil pipe, and veri-
fied the accuracy and validity of the model and method in this paper.

Keywords

Deep Well, Ultra-Long Polymer Matrix Composite Tubing, Mechanical Properties, Finite Element
Simulation

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

AT AR TG G AR AR [ R PR L, S AREET, AR BRI R R R A, T A
WRIEAWZETE o Forh DURHE i U 96, e I T il &k 2R ESA FOE, R
BRI, EREZREKRBEEGENT, 5551 KM SR EEm R, HhadEn HS &
2 AL R BRI S B TR . BeAh, AR CO, URR BV A N B, S5 RE T Ak
MIFRBE A BRAE R 2R A B, 3k — 2D 0 e i 3 AR T[] [2] [3]e H A P 10 <z s vl 7 2 A i
AR, TEPEREZE, TH AR SV E T RS RC. TR IEREZE, AN REW 2T T L OUBCR B 2

DOI: 10.12677/mos.2024.133220 2409 jé

e

S


https://doi.org/10.12677/mos.2024.133220
http://creativecommons.org/licenses/by/4.0/

S

%

48

BT, fRoedEs s rm iRtk s CAPiE e 1 Z IS BB/ Hoad). ST mEiREEWHE
EREEIE . BREAL. L EEsR, FLRREF4E. SIC Z4: BA LR s, LRI 5 HRiE K% BT HIML
WTERE, B AT E AR AR I R TR [4] [5] [6]. RIHFEAAYERRE N KEFYEE R
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Figure 1. The concept diagram of the internal and external double-layer structure design of the tubing string
E 1. HEEERIINNESDE IS E
FEREIHE 1 ) PR RE A BR TS, AN SR AR 2T 28 3G 5 X0 SR W i i R FE 2 S v ek, 45 5E
R TE S L R B 2R 1.

Table 1. Geometry and material parameters

=1 LIRS

ey 1 AMZE =85° PR pER R VB2 s JiE AR 5 E A
LR (mm) (mm) (GPa) (GPa) Akt (MPa) (MPa)
1 73 6 22.1 5 0.3 497 561

BT 8 T (K B N O K (B 113 48), 1000 K. 2000 K. 3000 K. 4000 K. 5000 K. 6000 K.
7000 >K. 8000 >K. 9000 >K. 10,000 K. A PR yeAsITH5& Bt hn it s K Tl 216 W& 2,

Table 2. Load and working condition combination
F2 HERIAAS

B\ LI Tl BRI RSES Tt 2 T 2 A R
HIHE(Nm) 0 1 3000 1
M JE(MPa) 150 1 150 1
4hE (Pa) 9800x 1 9800x 1
FirAd (MPa) 300 1 300 1
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AR T ERCR, T HIT RS RIS, B — A =GR 5 % 0 ) R A — 4R 2R M BT
FUATE, IFHIRREWSRAAIELE I v . Pipe288 Myt & —4EHit, Wi 2 fiR, & ANSYS HtEH %
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RN : Pipe288 HLCIE A LK B ok ) & 2R, ARIRERAC TR IS, B S — P BT YI RN . A
Pipe288 HLILHAT 2 ML, WA AEH 6 MAMECEFAI A HE x. y. z, #3H M Rotx. Roty.
Rotz), FRIGHIIE S MERPE. KEEENFIR N AR AEL AT, BRSNS, (ERZ o] b X
BITR, FHd S B AS S&FR o SR, RS P S 2 B (G A R AN 55 FE AR T P FR )82 ) 43 A
5 Pipe288 HLyCAHLL, HABSRALISEH T, G Beam188 ¥, Barl89 H.yG. Link180 Hiicss, #f—
5E IR JR PR FIAS A2 o 51l 1, Beam188 57t L 6 25 R 18 1) 25 i RHAH % , AN 5 R 48 1) A R 47 5 Bar189
B A RESE RS R ORIR AR, ANRESS FE A TE S i AL FS ;s Link180 Hot R RESS FE A IE Wk 1), A
BB B S AN . Rk, Pipe288 Hi e — Al S il F A R G 45 M B, & A A Sk 9t B

(AR N 25 o
(b)
® Section Nodes
® Section Corner Nodes
O Section Integration Points
V4
Figure 2. (a) Schematic illustration of Pipe288 element; (b) Unit cross-section grid
[# 2. (a) Pipe288 Bt R EE; (b) BB EMMEREE
A PRI b A8 F AR AR U35 3 R
Table 3. Material constitutive used in the process of finite element simulation
= 3. BRTRID AR RIA
Fe TR ¥ ICHE R (MPa) Y2k 4% & (MPa) THFA L JiE R B2 (MPa) - $04 38 5 (MPay)
1 pipe 22,100 5000 0.3 497 561

it SpaceClaim [ Workbench #H 45 G 8 L 28R IR T4 B v, A 3EE JLAEA . & 3 B,
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Figure 3. (a) Geometric model of part of the pipeline; (b) Cross-section; (c) Part of the elements
E 3. () BAEE/LARE; (b) &@E; () BRrETTEE

JHIT ANSYS MR HAR, L1 KEKAN—A pipe B0, BoKE/ERGE =14, BT HHE R ITK
R ELYE R, #dtk) 10,000 4 pipe #.7t. 1, 1000~1001, 2000~2001, 3000~3001, 4000~4001, 5000~5001,
6000~6001, 7000~7001, 8000~8001, 9000~9001, 10,000 DL L& H G ARI/EAN 0 2k. 1000 K. 2000
K. 3000 . 4000 k. 5000 K. 6000 2. 7000 >K. 8000 k. 9000 KA1 10,000 KIKFEF FE&EH>. &
FT AN 20,001; & GECN 10,000,

LR G R B WR N TG LE IR i AL [ e, T g 0 TR 7. LA . E AT AR

A= %(0.0732 —-0.0612 ) =1.26x107°m?, (Rl Fidi /7 = 300x10° x1.26 x10~° = 378876N , F4H = 3000 Nm,

W =150 MPa, ~MEIEE ke nE: 4ME = 9800x (Pa), TEA#TREH, T KERIFR. BHEW
N, B NP AME B, AT 300 AN T8 DO TN I RAR R R 5
AN LE S — DR FA I, BRI TP =500, KT =1, Jh b =800, LAEGRJ LR
LMk BB 2 M5 A RN
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Table 4. Stress-strain results for each working condition
4 ELRBINTLER

R/ T2
RrE\TH 2 Von-Mises . K &K 23 Von-Mises ok PN IZIN
IS} 3 R ERS BB IS} R TR BRI
MPa MPa MPa MPa MPa MPa
Om 984.16 0.0860 940.37 543.38 994.25 0.0881 957.97 552.16
1000 m 904.08 0.0727 843.58 495.17 914.48 0.0748 863.45 505.08
2000 m 829.11 0.0605 752.34 449.73 839.89 0.0626 775.34 461.2
3000 m 758.95 0.0493 666.21 406.85 770.19 0.0517 698.55 420.52
4000 m 693.31 0.0392 586.2 366.3 705.09 0.0419 642.26 383.14
5000 m 632.01 0.0301 545.88 327.91 644.43 0.0335 591.09 343.9
6000 m 574.96 0.0221 506.18 291.52 588.11 0.0266 543.64 319.25
7000 m 524.78 0.0167 450.45 266.44 536.2 0.0208 499.42 293.03
8000 m 502.25 0.0153 392.99 264.02 506.06 0.0177 427.09 279.27
9000 m 470.43 0.0147 360.68 255.01 482.05 0.0165 390.66 270
10,000 m 449.77 0.0141 334.89 246.11 462.09 0.0156 363.43 260.38
Om
9.8416e8 A 0.086048 Bk 9.4037¢8 X 5.4338¢8 Bk
9.6668e8 0083115 933528 5.3188e8
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9.1425¢8 0074313 9.1299¢8 497398
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8.793¢8 0068446 8993e8 4744e8
86182¢8 0065512 892468 4629¢8
844348 0.062578 8.8562e8 45141e8
8.2687e8 fB!)) 0.059644 i) 8.7877e8 )y 4.3991e8 Rl
5000m
6.3201e8 K 0.030149 BX 5.4588e8 A 3.2791e8 Bk
6.2504¢8 002961 54162¢8 3.2457¢8
6.1807¢8 002907 5.3736e8 3.2123¢8
6.111e8 002853 5331e8 31798

0.02799 3.1456e8
0.0:
26911

0.026371

528848

(1 3.0788e8
3.0454e8

9019¢8
58322¢8

5.7625¢8 r 0025832 3.012e8

5.6928¢8 i)y (a ) 0.025292 )\ 5.0755e8 i)y 2.9787e8 iy (d ')
10000m

4.4977e8 BK 3.3489e8 BA 2.4611e8 A

24215e8
23819e8
2.3423e8
23027e8

4.4043e8
4.3108e8
4.2173e8
4.1238e8

I 0.014123 BX
0.014123 @/)v

1 22234e8
2.1838e8
2.1442¢8
2104668 i)y

3.2962¢8
3.2887e8
3.2812e8 i)y

3.7499e8 " "
Sosedes ok = (")

(@)~(d)y O m (& i )AL (a)~(d)>4 5000 m 4b; (a”)~(d")7y 10,000 m (7 & i )4k -

Figure 4. Contour plot of equivalent (von-Mises) stress, maximum principal strain contour, maximum principal stress contour and
maximum shear stress contour for working condition 1
B 4. TR—F8(von-Mises) N =B, RAENEZE, RAKENNZERERHNIE

(")

THL— 25 T REAT,  NEARBE A HIR AR il 2 KA R A B i K ) - oK 3 AR 5 4% i 2 e
RERNT) - RENBFR RN 6 fos. HE 6@ AR, BEEHRIEM, HAER)RIRRE
A RHEIRE S . B 6(0)AMER tH, £E 0 m 25T, BIME ik /in DAL, BoREN A5 HEKRE
[ S ONEAEAFAE, TFAaRT B, BEE oK TN ARG, HoRE R RN, 2 KN A —
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Figure 5. Contour plot of equivalent (von-Mises) stress, maximum principal strain contour, maximum principal stress contour and
maximum shear stress contour for working condition 2
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Figure 6. (a) Variation curve of stress and strain as the function of the well depth under working condition 1; (b) The maximum
principal stress vs. maximum principal strain (0 m); (c) Maximum principal stress-maximum principal strain (5000 m); (d) Maximum
principal stress vs. maximum principal strain (10,000 m)
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Figure 7. (a) Variation curve of stress and strain as the function of the well depth under working condition 2; (b) The maximum
principal stress vs. maximum principal strain (0 m); (c) Maximum principal stress-maximum principal strain (5000 m); (d) Maximum
principal stress vs. maximum principal strain (10,000 m)
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