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Fig. 1 Structure of pipeline intelligent plugging robot
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Fig.2 Motion model of traction speed regulation and bra-
king device
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Fig. 3 Schematic diagram of pressure drop in abrupt diam-
eter pipe section
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Fig. 5 Schematic diagram of speed regulating valve open-
ing of traction speed regulating and braking device
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Fig. 6 Schematic diagram of speed control valve structure
parameters
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Fig. 7 Simulation model of traction speed control and br-
aking device flow field
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Fig. 8 Meshing and boundary condition model
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Tab.1 Simulation model parameters of traction speed
control and braking device flow field
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Fig. 10 Pressure variations with axial length of the speed control valves
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Fig.13 Pressure variations with coupling parameters of speed control valves
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Tab.2 Optimum structural parameters of speed control
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28 HufE
W e 442 /mm 180.0
8 J42 4 42 /mm 169.7
Bt i At /mm 96.6
L /mm 92.8

K FERE/Pa 139 000




553 1] OV AR IR REEIE LA AR S S i Sh R BT 17

3 FFRERSHERETIRERSLRE

31 FEREF

55 2745 7 LA T R R 1 B P S
N T ARV S B B A N AE SR ) 20 1 R R
LR AR e A D ) 2 5 3 R ) S, T
S IR T R 40 O PR e S 6T iR AR 5 | P
I B0 B A U A B R T S, LS

piiessel el
,/'—‘f§ =

=3

W E
Wi =7

M T
PR I

TR
(a) LR

AR INE 14 (a) Bz o e B BER A LB
B, TS B A AL SR o I B S n 14 14
(D) 7R, SR A SRR 3 TR Ff S 36 T S i
SRR % BTG B E, S256 v GRAE B H 1
JEJ1 R E(E 0.048 MPa, 5 B S2Pr S5 A e H:
b TR ZR A2 I 2 S EO TC I MER A T, feiy
A 5% MR . JRRP B, LU R G NS
FtnF4FiRE,

FEI RS PRI

—

(b) S HE BS)

TTI£0.6 TFI£0.8
(c) R IR

FFE04

El14 ZF3PEERSHERETRERESES R&T
Fig. 14 Experimental program design for throttling pressure drop in traction speed control and braking device
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Tab.3 Basic parameters of the experimental device
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Fig. 15 Experimental setup and experimental phenomena

x5 LWNEXIE
Tab.5 Experimental measurement data

- AOE,  AAES WOy Howa
JrE 3.-1 3.1
(m’h) MPa MPa (m™h )
1.0 39.9 0.128 0.048 39.8
0.8 40.1 0.137 0.046 41.0
0.6 39.2 0.146 0.045 39.6
0.4 39.7 0.220 0.047 39.6
4 &

DASCBE T —Fha2 5 |5 i s 8, ol LAk
B R A IR BOR, , B4 T8 R RE BT SE AL A A DR v
MR IR FBOE Br. 425 PR AR 3% E AT LR E
PN RE SR HH e S o, T R T N BE TS W, B 1R
SEAEAEE Tl o 8 X S B ES A PR B AT R E T
PEEAEPERT R R

2)ARAE B 00 , AL, T I A T PR A i
PIEIRT . XS AT RN R AR A b 1 R BE | AL
KIEEMNARIE 3N K7 10550, F &
IR E LS E T TSR EE TR i g S 1
AT AR I T A eh IR o 45 RR B S
T VBRIl 258 B8 T S R R s, WAL, AT
) 25 LA o A RE B f o AR SCRI LT A2 5 |
5 1) 0 2 A M) o 2 S ) 2 o e ) T U
28, I/ TE R REE AL AR AR TT o

3) g B UEZE 5| A58 5 1 Bl ke B R PR R, AT
T A5 R 1 B2 A T R BRI S RS . 2
T R P TR Dy 0.4 BT 97 T 1] T 30 K I T R X A
BEFR il TR B, 277 AR R K I AR AR, JRi
i P B T B3N 3 S R R 3 A4 AR A
RE R f i A AN o TFREON 1O, 45 BT TR 22 4w
/0N 2 5 R ] Bl A B AR K R E R

Je 8 TA K LTS B LA e S8 i 45 42 51 98 3 45 il
B B IEE A S HC G PERES BN Sl , 56 U8 T8

SEAL AR AL s, pEAT AR GE kAR K

I

SE K :

[1] Liu Jianlin,Xu Xiangling,Cheng Yonggui,et al.Interference
calculation of foam pigging and its effect on pigging effect
[J]. Journal of China University of Petroleum(Edition of
Natural Science),2021,45(2): 111-119.[RIEBK, 1 5, 2
KA, A VLRI A e A i O B O T A ORI
[ AR RS2 2R B1ERR),2021,45(2):111-119.]

[2] Liu Qingyou. Research status and development tendency
of the oil and gas in-pipe robot[J].Journal of Xihua Uni-
versity(Natural Science Edition),2016,35(1):1-6.[ X7 /4 .
TMAE E LA ANBRIUIR & S T]. PYHER 24k
(A RBHAR),2016,35(1):1-6.]

[3] Yan Hongwei,Ma Jianqiang, Wang Yang,et al. Analysis on
structure and plugging performance of self-locking pipe-
line inner-plugging device[J]. Journal of Safety Science
and Technology,2017,13(11):27-33.[I=] 4%, L@, IEVE,
S B TE N B AR S B AR R T[], D
R ER R, 2017,13(11):27-33.]

[4] Esmaeilzadeh F,Mowla D,Asemani M.Mathematical mod-
eling and simulation of pigging operation in gas and lig-
uid pipelines[J]. Journal of Petroleum Science and Engi-
neering,2009,69(1/2):100-106.

[5] Wang Wenfei. Study on driving characteristics of fluid-
driven pipeline robot[D].Harbin: Harbin Institute of Tech-
nology,2011:20-40].[ F 3¢ & . i A IR sh a0 HLAE A DK
BRFERTTE[D]. W /R M R Tl R2#,2011:20-40.]

[6] Hao Wenrui,Kan Jiangming. Application of self-tuning fu-
zzy proportional-integral-derivative control in hydraulic
crane control system[J].Advances in Mechanical Engineer-
ing,2016,8(6):1687814016655258.

[7] Chen Xiao,Wu Zhipeng,He Siyu,et al.Passing property de-
sign of adaptive support pipeline detection robot[J].Journal
of Central South University(Science and Technology),2018,
49(12):2953-2962. [ B, 5% 7S, A LS 55 . [ 3 I SO 4%



553

OV AR IR REEIE LA AR S S i Sh R BT 19

B AL 8 A o BT, PR R (A
SRR, 2018,49(12):2953-2962. ]

[8] Mirshamsi M, Rafeeyan M. Dynamic analysis of pig
through two and three dimensional gas pipeline[J].Journal
of Applied Fluid Mechanics,2015,8(1):43-54.

[9] Zang Yanxu,Qiu Cheng,Hu Tiehua,et al.Research progress
on speed control devices based on bypass valve[J]. Oil &
Gas Storage and Transportation,2016,35(7): 702—708.[ /i
T U, B3, D e A5 R VI D 08 o 2
BFSEHERE[T]. IS fi#i2,2016,35(7):702-708.]

[10] Zuo Shishi,Zhang Shuyuan,Lyu Guangyuan,et al.Influence
study of bypass valve opening degree on discharge flow
field of pig[J].Pipeline Technique and Equipment,2021(1):
33-36.[ it 5K AT, FOGIC, A5 L 5538 R XS A
MR R AT I [J]. EE AR 5 154%,2021(1):33-36.]

[11] Lesani M, Rafeeyan M, Sohankar A. Dynamic analysis of
small pig through two and three-dimensional liquid pipeline
[J].JournalofApplied Fluid Mechanics,2012,5(2):75-83.

[12] He Honggang,Liang Zheng.Speed simulation of pig restart-
ing from stoppage in gas pipeline[J]. Mathematical Prob-
lems in Engineering,2019,2019(1):4036253

[13] Chen Jianheng,He Limin,Luo Xiaoming,et al. Bypass pig-
ging technology on amelioration of pigging-induced lig-
uid flow: An experimental and modelling study[J]. Ocean
Engineering,2020,198:106974.

[14] Cao Yuguang, Wei Yungang, Tian Hongjun,et al.Finite ele-
ment analysis of contact stress of foam pig in submarine
pipeline[J].Journal of China University of Petroleum(Edi-
tion of Natural Science),2019,43(6):112—122.[ & 556,50
o TR 8 A T T TR Y R T A A R A ) AT PR
JCIIHT[I]. A R A A (H AR RFR),2019,43(6):
112-122.]

[15] Li Jianyong,Gao Xinghua,Yang Ze,et al.Speed control de-
vice of medium pressure difference drive in-pipe robot[J].
Chinese Hydraulics & Pneumatics,2016,40(12):61-64.[4%
HETK, i AR A A 5T 22 B Sl A T LA A S I
A E IS I]. W5 S050,2016,40(12):61-64.]

[16] Li Hailian,Luo Chunyang, Tian Yang,et al. Design and re-
search on the plugging and speed regulation device of in-
telligent plugging robot in pipe[J]. Machine Tool & Hy-
draulics,2022,50(7):50-55.[2=13%, % F B, 1 BH, 56 45 P4
B REEE LG N B SO R E B SRR ] MUK S
WE,2022,50(7):50-55.]

[17] Zhou Zhiyong. Design of sealing robot system for oil and
gas pipeline leakage[D]. Tianjin: Tianjin University of Tec-
hnology,2022: 1-21].[J& 7K . T[] i <45 30 i s 1) b 3%
HLER AR GEBETHD]. RHE: K T R%,2022:1-21.]

[18] Kan Kan,Xu Zhe,Chen Huixiang,et al. Energy loss mecha-
nisms of transition from pump mode to turbine mode of an
axial-flow pump under bidirectional conditions[J]. Energy,
2022,257:124630.

[19] Zhang Hang, Dong Jinhui, Cui Can,et al. Stress and strain
analysis of spherical sealing cups of fluid-driven pipeline
robot in dented oil and gas pipeline[J].Engineering Failure
Analysis,2020,108:104294.

[20] Mei Xinxin,Ye Lezhi,Li Desheng,et al. Research on speed
regulation performance of self-excited electromagnetic ed-
dy current couplings[J]. China Mechanical Engineering,
2017,28(17):2074-2079.[ Mg fik 5, o5 5, 2P, 55 . A il
2 HL % T I 1B i % 9 3 RE T 5 (0] b IR LA TR,
2017,28(17):2074-2079.]

[21] Lin Zhenhao, Li Junye, Jin Zhijiang, et al. Fluid dynamic
analysis of liquefied natural gas flow through a cryogenic
ball valve in liquefied natural gas receiving stations[J].En-
ergy,2021,226:120376.

[22] Dai Bo,Zhan Xuming, Xu Wenxing,et al. Research and de-
velopment of the speed control experimental device for
the detector in crude oil pipeline[J]. Process Automation
Instrumentation,2016,37(11):69-72. [l )i, /& BIA 3 SC AL,
S5 DI DA ARG 4 A R R (0], A
AL £,2016,37(11):69-72.]

[23] Zhao Shangma. Design and research on speed regulating
device of controllable speed pig[D]. Chengdu: Xihua Uni-
versity,2018. [ I I . n] 4 HUE A R R B T S5
5T [D]. AR VEHE R 24,2018.]

[24] Yang Meng’ ou.Study on speed control of detector in long-
distance natural gas pipeline[D]. Chengdu: Xihua Univer-
sity,2018. A A5 . TR A fia A7 10 PR A0 45 1o 32 42 o]
W5 [D]. R PHHER,2018.]

[25] He Honggang, Liang Zheng. Speed simulation of pig re-
starting from stoppage in gas pipeline[J]. Mathematical
Problems in Engineering,2019,2019(1):4036253.

[26] Liang Zheng,He Honggang,Cai Weili.Speed simulation of
bypass hole PIG with a brake unit in liquid pipe[J].Journal
of Natural Gas Science and Engineering,2017,42:40-47.

[27] Liu Haixiao,He Limin,Chen Jianheng,et al.Research prog-
ress of pipeline pigs speed control technology[J]. Chemi-
cal Industry and Engineering Progress,2020,39(6):2327—
2335, [RIEE I, o A1) RS, R AR, 5 A TS A s AT L
BRI 5T R (1], 4k T3 J),2020,39(6):2327-2335.]

[28] Zhu Xiaoxiao, Wang Wei, Zhang Shimin, et al. Experimen-
tal research on the frictional resistance of fluid-driven pi-
peline robot with small size in gas pipeline[J]. Tribology
Letters,2017,65(2):49.



20 TRER2ESH AR 5557 %

[29] Hendrix M H W, Graafland C M, van Ostayen R A J.Fric- ence and Engineering,2015,27:151-157.
tional forces for disc-type pigging of pipelines[J]. Journal [31] Luan Hongmin. Research on speed control system of in-
of Petroleum Science and Engineering,2018,171:905-918. spection equipment in pipeline[J]. Modern Manufacturing
[30] Zhu Xiaoxiao, Wang Deguo, Yeung H,et al. Comparison of Technology and Equipment,2019,55(5):50-51.[287% K& . 4%
linear and nonlinear simulations of bidirectional pig con- T PRSI 1 R T ) R G AR (0] A i B R
tact forces in gas pipelines[J].Journal of Natural Gas Sci- #%,2019,55(5):50-51.]

Research on Traction Speed Regulation and Braking Device of Pipeline Intelligent Plugging Robot
TANG Yang]’z, PI Yunsen"?, LIUXiang]"z, WANG Guorong"2

(1.School of Mechatronic Engineering, Southwest Petroleum University, Chengdu 610500, China;
2.Energy Equipment Institute, Southwest Petroleum University, Chengdu 610500, China)
Abstract:

Objective With increasing pipeline mileage and service time, more pipelines are being damaged due to environmental corrosion and human fac-
tors. This damage results in interruptions in transport and leakage of oil and gas, which in turn causes economic losses, environmental pollution,
ecological damage, and other safety issues. To quickly address pipeline breakage during oil and gas transportation and to plug pipelines without
halting transmission, pipeline intelligent plugging robots must be capable of rapidly and accurately reaching the damaged section and achieving
maximum deceleration.

Methods To this end, a DC cut-off valve-type traction speed regulation and braking device for a pipeline intelligent plugging robot is designed.
Based on the in-pipe motion model of the robot and analysis of the speed regulation mechanism, a motion mechanism model incorporating the
traction speed regulation and braking device is established. Its motion influencing factors are analyzed to determine key parameters affecting
speed control characteristics. Using finite element numerical simulation, the speed valve’s flow field characteristics are analyzed, examining how
the valve seat’s axial length, drain length, and internal diameter affect pressure drop. The influence of each parameter on flow and pressure drop
is determined to optimize the design. Simulations of the crude oil pipeline plugging robot's motion mechanism are carried out under actual work-
ing conditions to identify performance-related factors. Proportional scaling test devices are fabricated for crude oil and refined oil pipeline condi-
tions. Using a power torque system to supply liquid, throttling pressure drop experiments are conducted. Pressure values at varying valve open-
ings are measured to verify the structural design’s reliability and effectiveness.

Results and Discussions The results show that the traction speed control and braking device’s performance is strongly affected by the structure
and shape of the speed control valve. Six different axial elongation values for the valve seat—0.10D, 0.15D, 0.20D, 0.25D, 0.30D, and 0.35D (D
is the inner diameter of the pipe)—significantly influence pressure drop. As the elongation increases, pressure loss decreases. Likewise, five drain
hole lengths—0.80Z, 0.75Z, 0.70Z, 0.65Z, and 0.60Z (Z is the speed control valve axial length)—exert a significant effect on pressure drop across
the device. Longer drain holes lead to lower pressure differentials. In contrast, five inner diameters of the valve seat—@®169.7 mm, ®179.7 mm,
@189.7 mm, ®199.7 mm, and $209.7 mm—have a relatively minor effect on pressure drop. After comprehensive analysis, the optimal structural
parameters are determined: an axial elongation of 96.7 mm, an inner diameter of 169.7 mm, and a drain hole length of 92.8 mm. This combina-
tion yields a pressure loss of 0.139 MPa. As the valve opening decreases, the flow rate and velocity at the device outlet increase. Turbulence inten-
sity also rises, peaking at an opening of 0.4, where high-speed water jets strike the pipeline's inner wall, effectively removing debris and prevent-
ing downstream clogging. This also reduces drag on the robot. Conversely, at full opening (1.0), the pressure differential is minimal, enabling the
maximum deceleration effect. The study confirms that the designed device enables the robot to achieve efficient pipeline flushing, maintain effec-
tive speed regulation, and attain maximum deceleration, thereby fulfilling the plugging task.

Conclusions This study provides a theoretical foundation for the structural design and parameter selection of intelligent pipeline plugging robots.
It also offers valuable data and design guidance for fluid-driven pipeline robots equipped with bypass rotary valves.

Key words: pipeline intelligent plugging robot; traction speed regulation and braking device; speed regulation characteristics; speed control valves

(g Fr F)

111114111111 1111114111111 1111141111111 11 - 1111111111111 111111 1111111111111 @111 1114111 - 1] h.

5| A3 #& 3\ : Tang Yang, Pi Yunsen, Liu Xiang, et al. Research on traction speed regulation and braking device of pipeline ‘
! intelligent plugging robot[J].Advanced Engineering Sciences,2025,57(3): 11-20.[JF¥¥, 1 2= 7R XIFE, 55 AR REEHEHLAT
N 5| 5 ) sh s BT[], TRk 53R ,2025,57(3):11-20.] '

(IS S B S S W E S S JWE S WS WS E S WS S S S SIS S S S SUE S U SWE S S S S S S S S E A 2 2 S WS U S e 2

-

-



