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Interference calculation of foam pigging and its effect on pigging effect
LIU Jianlin, XU Xiangling, CHENG Yonggui, ZHANG Yun

(College of Pipeline and Civil Engineering in China University of Petroleum( East China) , Qingdao 266580, China)

Abstract: In the process of pipeline cleaning, the interference fit between the pig and the inner wall of the pipeline leads to
the contact force, and therefore the design of interference has a very important impact on the contact force and pigging effect.
Aiming at the pig-pipeline structure, the plane strain model, plane stress model and axisymmetric model in space are respec-
tively established, and the function of the contact load with respect to the interference is given. Under the condition that the
interference value is determined in practical engineering, the finite element simulation (FEM) is performed to demonstrate
the situation that there is dirt on the inner wall of the pipeline, and the cleaning results of three kinds of pigs with different
interference values are displayed. Based on the results from the three mechanics models and the FEM results, it is judged
that the plane stress model, the axisymmetric model in space and the FEM model are in excellent agreement, which are more
in line with the engineering practice than the plane strain model. Moreover, combined with the parameters used in practical
engineering, the function of the driving force with respect to the interference is obtained in the light of the mechanical balance
equation. The interference values of pigging systems that normally include iron pipes and foam polyurethane materials in engi-
neering are solved. It is found that the interference is generally in the range of 2% —5% , which is consistent with the practi-
cal demand of engineering. This finding shows that it is necessary to design the interference value reasonably in order to ob-
tain the optimal removal effect of the pipe.
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Fig.3 Contact force solutions for four kinds of pig materials

SEPRFE R, BEBUE TR ST @219 mmx 6
mm , BPERCE E, O 210 GPa, AR L u, N 0.3, 5
AN 4 F s A () SRR R R AR i K,

4398 7.13.6.85.5. 57 Fi14. 09 MPa, JAFA L H w, =
0.4, TAREPZORAAEXT A EEEHN 1%~10%,
N3 Hal UL, 3 Fop fife B 455 8 i 45 38 14 i 25



FA5 K F2M

A E AR FCREITR

AR FHFELRY A - 115 -

B2 R — 2, RV EAE I B AR X 3 22 4
L PN NN ST VSRERS /2 /N> Sl < Il
TR A 7 B & B9 R AR T 0, o
MR ERFILMARR qocd, 350, F 1 T
55 = A s ) g A A Y 14 i 24 LT s, Tt — 3
LIRS A AR BRI Y- i I AR A TR Y i
BHHAR 3 AGRZENER, S h TR
AE ARG BIRA T L P S [ 5, 3T 5 AN 77 A il A2 -
T AR 2% | IVl [ 107 728 O AR S T, I
— UL, 7 TR P RS A A A A AT AR AT
R, ANELR P i AR AR

2 FREREFEIR

2.1 SRERENTE

FEW AL PRs T, B A RE S fl DT 7 A
FEHET] , 2% EBE A AR AE S PRI A i R b — IR
SJHIEAT , RIAESN 7 5 B D O -, A

2mR*p=mRIqf. (22)
Hrp

r(u,=1) (8+1)8
(1—u2>(1+5)+E2];122r(;¥;1)
K, R WAL Z G R4 f, WA H S5 E
Z IR A Bl 2l BE 52 Z 88 p S HE SV A A T A Y 5
PrHeo ;L s AR,

M2 (22) 7] LUK TR

p=qlf./ (2R). (23)

W (23) , A 45 ANINAE T, AT DLSK
WG PR G &,

A P R — SRS TR SEBR B 28. Bl vk
A D219 mmx6 mm, BLIZHH E W) EE A p=0.5
MPa, BEE ZECH £.=0.2, HRPEXEESE] LI E
r,=103.5 mm,r,=109. 5 mm, 5B A9 HPEAL &
E, =210 GPa, MM b w, =0. 3, HIKEE R AN
SRR R RL, v BE O — i SR R v IR Y
PR E, =7 MPa, A HE u, = 0. 4, SEBGE K
HERKAR R I/d=1.9, Hf d R4 86 4 e
2, AR d =219 mm, D03/ fRA3E B A8 48 1A 1 B2l
[=427 mm, FFXEESHACA(23) , 7T LU Ik
T B AR N i R i 8=2. 82% , X S BTG T
T 2565 A\ AR B, B 1% ~10%

X (23) ATRVE W HESh ) p Bl & ZIH]
FETE—E M RBOC R . 8 T 7 FAl vl AR
— PP TANAE S i BT R e 3 A

R=r,(1+6)

i, HZH0520 DN200( @219 mmx6 mm) . DN400
(@406 mm x 10 mm) Fl DN600 ( #610 mm X 14. 2
mm) , HH 1/d=1.5, # 8=3% WA R1GI 3 4155
EXT R P HES I p A A 40130 1, 4.043 2
F14.0316 MPa,

T 7ESE PR TR TR o
AT R IR [ 38 1 B R AR L 1/d IR
G 1.3 ~2, 59K EL DN 200 5145 18 9 i),
PEFRARE 1/7d 43900 1.3 1.6 A1 2, AT L4 H F
T B g p, A5 RN 4 fros, HE 4 i,
Bl 7 Bt 3 1 TG K X U B O B R
i, LR B WA AR 4 12 4% 1 T R i 9 1Y
9N Sy AAH R AR R, AR S AT R A e Bl
N ERBEZ PR RECH pocd™, M5 4 25

e —E,
1.6
1.2
£
&
a 08f
S
#
04
0 1 1 1 1 1
0 2 4 6 8 10
MRS /%
B4 =FAREREZLEKREERIEH
HRESHENXE

Fig.4 Relationship between interference and thrust

of foam tube cleaner with three different aspect ratios
2.2 MFRMERXE A E RN

AR R HR i U S R R o o R, 3
BN SR AL, BT 2 e
RESHNFR 1 F7R TSR MR TRV A 14 iR PR A
HIRES K 3 A E R
®1 IREEERAMHSH
Table 1 Normal material parameters of

pipes in engineering

B PR/ GPa TS

N 200~220 0.24~0.28
GAm 210 0.25~0.30

5 175 0.25~0.29

X T AR R FH BN ST 08, HL R As e —
JREAS S [ {E, THA R IBCHAA RS e w, 43000028 0. 24
0.25.0.26.0.27 F10. 28, WX T 4 Ffr s 78 ity B 41
Bei AR RS 3 28—20) % RS @219 mm



- 116 -

T E LK FFR(ARFFIR)

2021 %4 A

x6 mm )8 I8 JEAT i B OR AR, BT AR A5 R IE 5
7N

HIPE 5 Z5 R n] R, o e i i Aok 8 A S AR
SEORMGAZ /) 315 W B R e s, O G 1 A e

SO B N, LR S AT YRS EERR 5
BN e TR AT, X T AN A T R R
HERM KL, X T4 20 TRSE KRG WS BN
2% ~5% FFH TR bk 21 s AR TR L

2.716 08 —— 1,024 b 1,=0.26 2.834 64 - —— 1,=0.24 —h— p,=0.26
2715 96 - =@ 1,=0.25 —@— 1,=0.27 283452 =@ p1,—0.25 —@— p1,;=0.27
—— 1,028 —0— 1,=0.28
271584 | 2.83440 |
4
S amsmaf M § 2.83428 | K\NN‘*
. - g 283416
5 271560 b
271548 F 2.834 04 |
271536 2.83392 M
2.833 80 |
271524 . | . | , | | | , I X L . L . |
200 205 210 215 220 200 205 210 215 220
WAERE, /GPa PR E /GPa
(a) E,=7.13 MPa (b) E,=6.85 MPa
—— p,=0.24 e 11,=0.26 —— ,=0.24 b p1,=0.26
3.541 78 498078
=@ 1,=0.25 —®— 1,027 —0—1,=0.25 —@— 1,;=0.27
3.541 56 |- —— =028 4.98036 |- —— 1,028
w000 | M—_._H
354136 1
N
b M Laoms | oo
B 3sa12f 1 e e S
e RE 4.97910 | N
R # -
3.54090-M aomes I
*—o  —¢ o
3.540 68 |- 497826 | T VT ——0—0—¢—o
——o—o
3.540 46 1 . 1 . 1 . 1 . 1 4977 84 L | 1 1 1 1
200 205 210 215 220 200 205 210 215 220
PPEELRE /GPa AR E /GPa

(¢) E;=5.57 MPa

E 5

(d) E;=4.09 MPa

BN R EE-FERENNTARE

Fig.5 Interference of carbon steel pipe-pig system

X T 4 BRI 5 0 o) P AR SR A )
SIAEE 210 }2 175 GPa, HrP & 4 4N TA RS 1 Ky
0.25~0.30, N EYIAFA LA 0.25~0.29, &ITH
AL, 3 2 XA L AR A I AN R BB R
TARA LU AR A, B J i 52 SR R IR
RS E, SRR, Y E, BERRT HA AR
Ao AN, B, = 0.3, 2 3P A 53O0 S 7. 13
6.85.5.57 1 4.09 MPa I, H 3 2 & 2 % K
2.72% 2. 83% 3. 54% Fl 4.98% , £ 1T 0] Hl, Xt
T6 & WA R 5 5 R BRI AR R T
Bo A, AT A 2 i i 28 3897 3% ~ 7% 2 18], IRFF &
TRRSPRT R, [FIAS & B, B0A g A X T 2
118 S A 2 A 001 2R 0 T Y R AL P A o X6 LR i) T
HI AL 20 1070 9%, W5 #1948 4L 3 R )

2959107 g, X i T T R A R R 22
SRR R, EIRE] 10° 52, it U & R K
RERRBEZE AR T G, bl WL, 7 TR BE T, 5 B
VPR R BRI IR AR 2800 T15 B BRI vE 45 R
AEEEL,

3 EREXNEERZM

SRIAT BRIT X 4 R AT B, 7 A
AR TR IE N E R MR S Y, 1R
#7890 kg/cm’, B SIBHEEH 260 mPa - s, FJH—B
TR A BN EAR 1 O 1035 mm, SRR AR
ry, A 109. 5 mm, {5YRIEEE ¢ 4 20 mm, X 3 ZHAN[H]
AR IR T A (R AN R A 2 ) HEAT 0
UL B 2R T 3000 mm/s, BEALLH A A IE



FA5 K F2M

NEM,F ARFERTE

A R YR 7

HiEESRSHME 6 i, i aX SRR
I, B BN SRS €0 DX IR 45 18 N A 1]
ARUKALAUSR F ABAQUS #K {4, X 45 18 A1 i 45 2
FE SCRZTPER L 358 LS PEASE 1 FNA AL LU 4331
47210 GPa 0.3 LA S 7 MPa 0.4, R L1468 X
ST A TE BT A R o1 Rl 43 1700 S ELTG,
= F R C3D8R MIAS HLTT , 1% AR RE LR IE LLBOKS
AN AE R . NAF & SR L7 28 W 15 8 X
FIRRPEAAR SR Eulerian (A% | 12 % BEAZ 5T 4 b X

(2) FIRL AL

B AL

EEEIRIEAAR L, ALK V53R %143 A 5200 4
BATE 5 SCHU AN S) ) 6 B 43 51 R 890 keg/em® K
260 mPa - s, I U TE RS [ 34 15 35 AT g i
BRI, X T8 8 5 1A a8 Z R AR ik g, R
YT PRA (Penalty ) 75, 8 SCHEEBR R B 0.2, i
Je G5 A SR 0 L R i T Bt SR B T T
BB N E R TGP0 i, BEUR A
123 (dynamic explicit) 434725 FE1 TR A

59
(b) HIMAEE

6 FERSEERS
Fig. 6 Matching of pig and pipeline

B RIS U B B R 6= [ ry = (ry -
) 1/(r,=t) o BEIHEH—FEL, Ml &t 6=0,
BERHE A AR AME S T5IRta i et i A W 1E
HhE i U TS A ORI 7 Bk, A 7 )

LU 88 Al 8 18 5 I A B o Y o8 sk
FURRIR A RO o o0 A7 1 BR A, P e 3 4[5
IR A 2 5 B BE AT AR A R T 3,
ERCRIF AT

RIS
o 10000

E7 BERMRRFSSHREMRHOFIERR
Fig.7 Pigging effect when outer wall of pig just contacts with the dirt

SRJE 25 AR AR O, RINE RIS A #5193 B
Fepiefuh (HA —E M55 Tl 1, e Y i 2 i OCK 6=
1. 1% , HAHUS RN 8 frzs, o TR s E i 5
P TR, B 25 05 8 AR 18 AT 2 0 58 75 U A9

S IR R 5 3 AT ATE A BE M 2 (R ATAT —
SETGIRARBETE PR . IX LE Bk B A I N AR 5 3 | 18
e EHEA T IR SERTE A TP A REIRE |

FiARiGIR R

8 FEBATHEFERR
Fig.8 Pigging effect of bypass condition

R, ORI R, O 6=3. 2%, U

HAISRMNIE 9 Fro, ARWIR >R AT &0 & 69



- 118 - T E B K FFR(BAAFR)

2021 %4 A

873 AT L E RS 7 3, BERE IR 2 e
AIBRIRRCR 7 AR AREUIREE T, aT LI 59 58 2

TERERERIES I HisIa A 25k B AEE T N

RIRIGHE
a 1.000 0

038333

9 HEMEBEATHEEUR
Fig.9 Pigging effect of interference fit

4 & it

(D RRIMEESEERZBMMEEAER TS
AFIXT 3k Z8 0 P BRSO R 8 W T 1 7 S AR R 2 [ )l
PRI SR 25 R AR e, A7 A TR SRR

(2) BT HES) Iy FIEESE T WA #E, 4 th 7
TR —FpsR A A m ik . ARSI S AR
B Z [ RREE R I E T TR R A T -
AL A1 2 AR R T AR BT SR, BVTE 19% ~
10% 22,

(3) FFH 2 By 3 2 B A BRSO 1 Xt
FUA AN [ 3 280 0 ) U0 TR 5 A 5 4, %o LR o3k i
TRA Y B AT AR A0 0 235 S 0631 | B 0A 20145 i 5k
P B, A ReAT B A B BRI RO

SE Lk

(1] BET. SRR I A 5 b EREIH 2 2 IR
R BORERE D], 22 M« 22 0 K%, 2012.

ZHAO Chunsheng. The geographical distribution of global
fossil energy and the policy choice of China's energy secu-
rity[ D]. Lanzhou ; Lanzhou University,2012.

(2] Mg, sksh X3 46, o Ehh vUs & R S
WEFELI]. BUAREAR, 2020,11(10) :1-22.

LIU Rong, ZHANG Kun, LIU Zhaojun, et al. Oil shale
enrichment and geological events in China[ J]. Acta Sedi-
mentologica Sinica, 2020,11(10) ;1-22.

(3] Wiz, Bl i, L2045, 5. kil Vs E B R
Kok )]. WA, 2015,34(12) :1262-1266.
ZHU Quezhi, DUAN Peixia, WANG Hongju, et al. Cur-
rent situation and development trend of global oil and gas
pipeline construction[ J]. Oil & Gas Storage and Trans-
portation, 2015,34(12) :1262-1266.

[4] CHENXF, WUZZ, CHEN W T, et al. A methodology
for overall consequence assessment in oil and gas pipeline
industry[ J]. Process Safety Progress, 2019,38(3) :1-9.

[5] ZHENY, TIANHJ, YIH], et al. Constraint-corrected

fracture failure criterion based on CTOD/CTOA[J]. In-
ternational Journal of Fracture, 2018,214(2) :115-127.
[6] GUO Y B, MENG X L, WANG D G, et al. Comprehen-
sive risk evaluation of long-distance oil and gas transpor-
tation pipelines using a fuzzy petrinet model[ J]. Journal
of Natural Gas Science & Engineering, 2016,33.18-29.
(7] REEAE. AR e T8 3 5 XU, 2 A 9 1 e T YR T 5T
[D]. dtst: EG LR (dest) , 2012.
ZHANG Shengzhu. Study on accident risk analysis and
route selection method of long distance oil and gas pipe-
line[ D]. Beijng: China University of Mining and Tech-
nology (Beijing) , 2012.
[8] Tk, FRIEM E B AR A EH[T]. ik
iz, 2003,22(9) :22-25.
DING Jianlin. China's oil and gas pipeline technology and
development trend[ J ]. Oil & Gas Storage and Transporta-
tion, 2003,22(9) :22-25.
(9] XUBfr. M IR K O848 3 78 B (B UL T 5
[D]. HHR: PHRE AR, 2011
LIU Xin. Numerical simulation study on pigging of natural
gas gathering and transportation pipeline in rugged terrain
[D]. Chengdu:Southwest Petroleum University, 2011.
[10] LIWD, HUANG Q Y, WANG W D, et al. Estimating
the wax breaking force and wax removal efficiency of cup
pig using orthogonal cutting and slip-line field theory
[J]. Fuel, 2019,236(15) :1529-1539.
[11] SRALHIE. 578 4% (Pig) VTR AR [J]. BREHIA, 2003
(8):25-29.
ZHANG Weina. Pig's cleaning technology[ J]. Cleaning
Technology, 2003(8) :25-29.
[12]  JR4EAR, THHG. NN () BB T B R 23k
[J]. EHEHR G5B, 2000(1) :34-37.
WEN Weizhong, YIN Xiaoguang. Review on cleaning
technology of oil ( gas) pipeline at home and abroad
[ J]. Pipeline Technology and Equipment, 2000( 1) :34-
37.
RERRVEE JE STERELEE cE i Z NN T <E AN D



FA5 K F2M

XM, F R FE BT

BE AL FHE AR H

- 119 -

[14]

[15]

[16]

[17]

[18]

[19]

(20]

[21]

FEl ST T, 1998(8) :52-54.

LU Weixin, ZHANG Shuhua. Current situation and de-
velopment trend of pigging technology[ J]. Foreign Oil-
field Engineering, 1998(8) :52-54.

TOLMASQUIM S T. Design and control of pig opera-
tions through pipelines[ J]. Journal of Petroleum Sci-
ence & Engineering, 2008,62(3) ;102-110.

P i Y S R RS A e T Y
SEHBCR VR [T]. Al A6 TR AT, 2016,35(11)
69-71.

JI Wei, YANG Quanwei, et al.
tion effect assessment of foam pig in the Zizhou gas field

2016,

FENG Wei, Applica-
[J]. Application of Petrochemical Engineering,
35(11) :69-71.

XM R, B, BRI RIRIEERTE R R TVEL PR
BATREALI]. TR T, 2011,27(3) :15-17.

LIU Pengfei, WANG Xue, XIONG Bo. Operation char-
acteristics of pig in natural gas pipeline [ J]. Guangxi
Journal of Light Industry, 2011,27(3) :15-17.
NG, B — 5. BTN AR ORI ], e TR
B4 2011(9) :193-195.

SUN Tao, HUANG Yiyong. New type pig and its devel-
opment[ J]. Chemical Engineering & Equipment, 2011
(9) :193-195.

SHORT G C. Conventional pipeline pigging technology :
part 1-challenges to the industry[ J]. Pipes and Pipe-
lines International, 1992,37(3) .8-11.

LINO A C, PEREIRA F B, GOMES M G. Developing
techniques facilities for deep water flowline pigging[ J].
Pipe Line & Gas Industry, 1995,78(8) :31-36.
MENDES P R, BRAGA A M, AZEVEDO L F, et al.
Resistive force of wax deposits during pigging operations
[J]. Journal of Energy Resources Technology, 1999,
121(3) :167-171.

FHk 4, SO R R . RIS B IR
RGBS AT (0], A T 3, 2020(10) :
110-113.

WEI Yongjin, WU Wenlin, HOU Zhiqgiang, et al. A-
nalysis of blocking process for foam cleaner of high pres-

sure gas pipeline [ J]. Chemical Enterprise Manage-

[22]

[23]

(24]

[25]

[26]

(27]

[28]

ment, 2020( 10) ;110-113.

Bﬂ‘?%jﬂfl\'ﬁ ?ﬁmﬁﬁﬂiﬁﬁfmlﬁltﬁiTE‘Jﬁéﬁiﬁ
Jioppr[)]. EEEAR S, 2015,136(6) :55-58.
CHEN Hao, LIU Xiaoming. Analysis on contact stress
of pig”s cupunder different interference [ J]. Pipeline
Technique and Equipment, 2015,136(6) :55-58.
WANG Q, SARICA C, VOLK M. An experimental

study wax removal in pipes with oil flow[ J]. Journal of
Energy Resources Technology, 2008, 130 (9):
043001-043005.

A, R T T A A AR v R R R L ST

[D]. dbmt: PEAHARS (LA, 2016.

WANG Wenda. Study on the wax stripping law in the
Beijing ; China U-
niversity of Petroleum ( Beijing) , 2016.
Wk TR TR, % B TBIE Archard BE5LHY T
BRI BB IT (], BTk, 2020, 48
(3):126-131.

HUANG Feiyang, HE Wei, XU Yang, et al. Research
on wear of polyurethane cup of pipe pig based on modi-
fied Archard model[ J]. China Plastics Industry,2020,
48(3) :126-131.

O, P R B 2o A A (9 BRI B2 R AT 52
[J]. EiRA, 2008(2) :6-9.

DAI Bin, TAO Zhijun. Study on wear and length char-
acteristics of cup pig[ J]. Shanghai Gas, 2008(2) :6-9.
FRAE LI , PR 4, 4. A I T A B ) e
TP RERE[ )] Ao TR 525645 ,2015(8) + 188-190.
ZANG Yanxu, ZANG Hongpu,
Research progress on mechanical model of pipe cleaner
cup [ J].
(8):188-190.

B, Tik, S, 4. Z A IE AN R A
EAREBI R[], Rz, 2013,32(1):
36-42.

DUAN Ruixi, YU Da, WU Haihao, et al. Pigging sim-

ulation experiment of multiphase flow pipeline with dif-

pigging process of crude oil pipe[ D].

SUN Changquan, et al.

Chemical Engineering & Equipment, 2015

ferent interference[ J]. Oil & Gas Storage and Transpor-
tation, 2013,32(1) :36-42.

(¥ hEk)



