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Vibration Characteristics and Vibration Reduction Analysis of
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WANG Xiao-gang', TIAN Bo®, QI Jing-jing' , ZHANG Hao', ZHAO Ning', WU Man’, LI Mei-qiu’
(1. Technology Inspection Center of Shengli Oilfield, SINOPEC, Dongying 257062, China; 2. Safety and Environmental
Quality Management Department of Shengli Oilfield, SINOPEC, Dongying 257062, China; 3. Institute of Mechanical
Structure Strength and Vibration, Yangtze University, Jingzhou 434000, China)

[ Abstract] In order to reduce the vibration of fracturing branch pipe during fracturing operation, the fluid-structure coupling analysis
method was used to carry out the modal analysis and harmonious response analysis of fracturing branch pipe, considering the impact of
fracturing pump vibration and high-pressure fracturing fluid on fracturing branch pipe. The influence of angle of bend and number of
fracturing branch pipe supports on fracturing branch pipe vibration was studied. The results show that under the current layout, the
main vibration positions of the first six modal modes of the manifold appear at double elbows 2, 3, and 4, indicating that the main
vibration deformation of the fracturing branch pipe occurs at its lower end, that is, at the double elbows far away from the fracturing
truck. Considering the weak points at double elbows 2, 3, and 4, the smaller displacement response amplitudes of each double elbow
at each connection angle are obtained based on the maximum displacement response amplitude. Indicating that each connection angle is
the best choice for the actual fracturing operation. When four elastic supports are used, the maximum amplitude is much smaller than
that of two or three elastic supports, indicating that adding elastic supports at the lower end of the fracturing branch pipe can weaken
the vibration amplitude, and the optimal scheme can be obtained under the specific working range. The research results can provide
theoretical guidance for the vibration characteristics and vibration reduction of fracturing branch pipe.

[ Keywords] fracturing branch pipe; vibration characteristics; vibration damping vibration suppression; harmonic response analysis;

modal analysis; bend angle; number of supports
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Fig. 1  On-site fracturing branch pipe layout diagram
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Fig. 4 The vibration mode cloud diagram under the fluid-solid coupling effect
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Fig. 8 The maximum displacement response cloud diagram at different angles

sk 3 4b R 3k 3 3% B2 A 0 el B R Y
SR AL RS R AR, 1 A Y e A B AL B B U Sk
3 b, R AT DAAE RS Sk 3 Ak BRI 386 i < 43 A /)N
PR IEAG . 3% 240 139° ~ 150° 38 Bl 14 13 7% i 15
AR, X A 2614 30 Haz, PRI 356 ) O 32 32 £ B8 %of
JE 24345 UEAT A JRy T LAAT SRR AR A T R Bl 4
Zepk XF XA Sk 4 AE 5 FhoE 4 A (88°,90°
92° .94° 96°) [ I 43 B , 15 21 H 28 3248 1Y e K
AV % M) O % L B %ot o AR I [ I8 9 (b) ] R 9(b)
A RLE A B e (R R L BE B A R B K ik
N, YA A BE R 96° R, TR 24 S A8 B A6 B i (B 9 /D
H71.258 mm, %N 17 He, KAAEMES 3k 3 4b, 28]
BE A BE N U Sk 4 A R R M N
88°M I MR e KM 113.77 mm , #5330 Hz, &
AEFERUE Sk 3 Ab PR R ek G L FE RS AR, B
XU Sk 4 3% B2 A0 B A O A B FE B T A6 & A AE WL
A3 3 Ab, PRI RUANSE XS Sk 3 Ab R ST
S3AF AT, LA SR KA R e IO (A o A
B 2 G B, BETT T Ak AR A 2 3k O A
GY BT AT Ry 45 A5 Sk 7 LR T B S [P i 9 e
MM RS2 DT R 28 S04 1Y 2 6 RN 4
AR — 2 4 T R0,

3.2 AREZ#EHENRIEEEN T

2 B M AT AL, R A A S Sk 2 O 36°
T AL IR A 35 B B K 161,55 mm, 6 WA 1 22 3
TGRS T8, 28 & % R AE b 00 F R 58 AN Al %
P8 B0 R S A IR SRR B S

MR R LA LR TR B R E RGNS
Sk R R LA T B AL A AR, S AR AR A T
e, B TR 302 S8 oK, BOR [R) 32 9 4 0 R
MM YR SRR VA — R, 7 R S
SOHEBCR N 3) Z AN IR S R R
RN 2 AR 4 A Hod 2 AN S S P A3 B AE
XUk 2 P AL ELAE 2 R, 4 A Bt S B 43
FEXNE S 1 JE Al RSk 3 N HE 2 hEk
Tk 4 T, WE 10 Fin, B 11 R R S5 8
T E A A R AR AL B xF Ee, AT LU Y A R
Wi = 5 50 10 184 T e A 8, 3 PR A L S
B B T AR I BE DA B [ AT A
R AR TR I A B, HUB R IR AR — %

P12 0 4% 32 P50 R ONR A TR 0 A% i 1 Y
X, AT LE 4% S RO N AL E 23 He A
47 Hz A A i N7 i 8 A5 DA, HLAE 47 Hz B35 3
TR o SR 4 A 3 S 43 st 47 A% s (L i 2k I 2 e

5 Fa M 1k . www. stae. com. cn



2025,25(8) e b, 45« R RS I Uk 2l e 5 R A AIR 20 B 3215
301 —— RN W R B
ys 55 B RS WX P4 150 45F 46.?34 46,?36 46;85 .
25 pe 48 45 2 400 41734 41736 41753 —e—2Wr
- g‘_ | —— 3
é 20 ] 40§ - 30,203 30205 30218 ol
= s, . - ; —— 5Bt
: = R ' S
315 135d =
= 30 0 = & 251 22.991 23.001 23.004
g 107 '3()% = : : :
2 8.498 25-}< 20[ 17.755 17.757 17.767
"l 3.403 [ 15t
\358 1. 272 120 o 97592 9766 4 97715
ob {18 I s
l(l)6 117 128 1%9 1‘50 B ? : : !
Ylg%BEgiE/(") R
(a) WB K3 11 IS TR] S 43 450im 1 A5 28 3 % B
o & [Fi) S 43 H e (R AL 2
+%j(ﬁ1§lll§{ﬁ]ﬂ“ﬁ$ Fig. 11  Modal frequencies of different number of supports
120p 113.77 150
145 ol —=— 2N S
100f 2 60F o At
\E ol 40%‘ ok —— AN
= #
g {3532 £ 120
6ot ! =
g 30;% gloo
> 80
& 401 125 & E
< < B O
i 20F 20[@ & 40
or 5142 5414 2794 1259 115 l
88 90 94 96 22
xxg%ﬁ%ﬁa}%l@ U510 15 20 25 30 35 40 45 50
(b) X5 k4 Wb Hz
L9 i B i Rz W 1B KXo R 431 46 1] B 12 AN [ 3243 Rt 14 o B o o7 i 1 11
Fig. 9 Displacement response amplitude Fig. 12 Displacement response amplitude of
and corresponding frequency diagram different number of supports
lﬁl)i\zgﬁ \ Y /T3 AN PE S8 (B AE 23 Hz B9 057 72 I (i
:g% z-{ i 43 KT R 3 A~ B 45, B AE 20 ~ 30 Haz { B i fH

L PR £ N E/QLLLU’H_D.
S s -

L L s ©

= 1 N
S5 € ‘s@;.;mw/

PRk PRk
(a) 2N ST 4%
#2293 Y

Ay ]
ﬂgﬁﬂ% ‘ Wk %g/ﬂ*
SL1— L5 ]
e b% [:[U_[;LU

W K3
EL L am wmsa ©

Y = BRI
I A e

PRPESCHE RMESTHE PRPESCHE kSR
(b) 445 57 4

B0 SZHETT %
Fig. 10 Support scheme
V2% R IR IR /N T 2 3 Aot S8 (RS R (A
B WY 0 5 R T 2 A s SCHE I A e KA B 0

BB B, R W e RS IR S W B R B i
AL SR R R R e SRS IR B R Ak B R
i L RTIE R 4 A s S O RO %,
S AR e A A S P Al o e b, U8 0 2 29 SR 2%
PERERS i T RS BN 2 P Ras iy, il
AR LA A 930 3 31 BT A U 5 o 4 S 42 o
2%,

4 %t
(1) 22 240 A o i i P 2450 0 A M
G H A A K S 90, SR U388 0 b7

FF 5T HL PR s A2 B 7, DA 3R A5 i 24 57 45 78 I 1R A
PR A PR sl R, 1 58 25 SR 2 I 450 T ) 3 AR 4k 20
AN F B BE N K 2.3 4 4b, %%ED%F&'JB'Z&I
B R sh AT K A e H T i, BRIz 2 R 2 A A

%ﬁ,ﬁ%%ﬁ%ﬂnﬁz&‘w&%%zﬂ,ﬁﬁ%ﬂa‘ﬁt%%’aﬁﬁ

5 Fa M 1k . www. stae. com. cn



B A 5 TR

3216 Science Technology and Engineering

2025,25(8)

ANE A7 U A1 B A 5

(2) Lhtse KA B e (B S o, 5 4 o AN ] AR
TR T A Sk Y O B AR, b U Sk 2 AE
48° ~54° XA 3 7F 139° ~ 150° WA 3k 4 1F 96°
T X R P A i N S L A /DN | 5 SR 3R B RS Sk o 42
1 RE X e 24 S A8 )RR AR B R e, 4 BRI
XS 3 78 FL A TR 30 %4 Bl N o 6 B 0 3% 4 A R
AL S M A R 24 308 10 28 26 RN 25+ 1 Ak 48 3t
— M SR,

(3) EF XA kL 2 Jy 36°RY G T.OL T, i3 7
AN TR] 57 45 B0 1) A5 25 03 i 1 43 A, TR 4 R R
WY, SR 4 A siork S EE R e RIR IR /N T 2 .3 A~
PESTHE RS R 4 A S S O R AT R
S5 SR B B AR TR 24 ST i 38 S 0T Ok 5 R
SR A, W58 45 0T Ry 52 B R 24 S B AE ML o S8
BRI S %

2 £ x #

[1] #fes, BREE, FM%E, 5. T DDPM #EEL Y & JE &L vh

BB AT, B ER S TR, 2023, 23 (26)
11195-11201.
Huang Huabao, Qian Yubao, Guo Xutao, et al. Numercial simula-
tion of high pressure pipe sink erosion and wear based on DDPM
model[ J]. Science Technology and Engineering, 2023, 23(26)
11195-11201.

(2] BT X, IR, 7. EEMEA PR EE LS m AL 1].
AR, 2019, 47(11) ; 87-92.

Yang Ziyu, Li Meiqiu, Li Ning. Harmonic response analysis of high
pressure manifold in fracturing operation[ J]. China Petroleum Ma-
chinery, 2019, 47(11) . 87-92.

[3] 2, 3ok, G, 4. RS & AR 18 T0 0 4R 3h etk 43
Br B[ 7], BHgHoR 5 TR, 2019, 19(22) : 143-148.
Jiang Lei, Li Meiqiu, Hua Jian, et al. Analysis and test of vibra-
tion characteristics of high-pressure discharge manifold of fracturing
pump[J]. Science Technology and Engineering, 2019, 19(22):
143-148

(4] skok2, ffi, Sdtg, & R RAK S i 0 w1 I IR 3

FEMERIRE D], AL, 2021, 49(10) ; 108-115.
Zhang Yongxue, He Tao, Fan Jianchun, et al. Effect of fluctuating
flow rate of fracturing pump on vibration characteristics of high-pres-
sure manifold[ J]. China Petroleum Machinery, 2021, 49 (10):
108-115.

(5] BREF, Moy, B, 4. K2 T &8I0 0 4R o R

SMTLI]. ATImBLAR, 2023, 51(7): 130-137.
Qian Yubao, Zhou Fang, Qiu Tenghuang, et al. Analysis of vibra-
tion characteristics of high-pressure manifold during fracturing|[ J ].
China Petroleum Machinery, 2023, 51(7) : 130-137.

[6] Ghayesh M H. Parametric vibrations and stability of an axially

accelerating string guided by a non-linear elastic foundation[ J].

International Journal of Non-Linear Mechanics, 2010, 45 (4) .
382-394.

[7] Ghazali M H, Hee L M, Leong M S. Piping vibration due to pres-
sure pulsations: review[ J]. Advanced Materials Research, 2014,
845 350-354.

[8] M, skFmwy, LHIE, 55, R UUZE A B RK I 1 il 7R i

EFHBA [ T]. S5 ®E, 2023, 48(11) ; 142-149.
Yang Zhen, Zhang Xiuli, Wang Yanzhen, et al. Fluid-structure in-
teracyion analysis of rubber-plastic doublr-layer composite material
water-lubricated bearing [ J]. Lubrication Engineering, 2023, 48
(11): 142-149.

[9] #W, 25 . 3+ Workbench [ [5k242 4 T8 it [ 8 & #0(H 43 #T
[J]. RBBHE R4, 2015, 38(3) : 186-189.

Huang Hao, Li Limin. Numerical simulation of fluid-solid coupling
of dust removal pipeline based on Workbench[ J]. Journal of Wu-
han University of Science and Technoligy, 2015, 38(3) . 186-189.

[10] #hEL, XIfefh, MI4E, 4. A 201 X IUE KB 2w
B HAR[T]. BRI, 2022, 49(2) : 104-109.

Sun Kai, Liu Huawei, Ming Xin, et al. Safe and high-efficiency
drilling technology for horizontal sections of shale gas wells in well
block Zi-201[ J]. Drilling Engineering, 2022, 49(2) : 104-109.

[11] ERE, sk—F, PNRH, % A HIIEHE DL AR LI 5 A 11

FeriRah R e st [J]. B8R 5 TR, 2024, 24 (4)
1480-1487.
Wang Kang, Zhang Yifan, Sun Tianxiang, et al. Rotor vibration
characteristics of self-made rotating machinery fault simulation test
bench[J]. Science Technology and Engineering, 2024, 24 (4) .
1480-1487.

[12] b4, 7. 40K Hh A0 R XUBE 19 I 3h R 43 47 5 32 45

Iy AEPURS A TR, 2016 (10) .
55-57.
Sun Xingwei, Dong Zhixu. The slender shaft outer circle whirling
vibration response analysis and improvement of supporting method
[J]. Modular Machine Tool &Automatic Manufacturing Tech-
nique, 2016(10) : 55-57.

[13] XUZR¥, WTRZE, Ao, BT ANSYS () J0 il 4 I &5 4525 R it
WA R[], HLHLBE 4, 2022, 39(4) : 26-33.

Liu Dongtao, Ke Zhoujun, Zheng Jian. Modal and harmonic re-
sponse analysis of shaft-less rim-driven thrusters based on ANSYS
[J]. Electromechanical Equipment, 2022, 39(4) . 26-33.

[14] ez, WALEE, Jefide, 5. o Sk Mo R A 5L Al 3h 7 B4t

MMARSHLI]. B8R 5 TR, 2021, 21(26) : 11343-
11348.
Qiao Hong, Dai Zuhao, Long Peiheng, et al. Parametric study of
impedance for pile foundationsof high-speed railway bridges[J].
Science Technology and Engineering, 2021, 21(26): 13443-
11348.

[15] Phikdy, Smi, XUEAL, . & ARl N80 00 A () 3 148
HAHTLI]. AL, 2016, 44(7) : 103-107.

Sun Ruqi, Yue Aili, Liu Zhongyan, et al. Spatial fluid-solid in-
teration analysis of manifold in high pressure operation[ J]. China

Petroleum Machinery, 2016, 44(7) . 103-107.

5 Fa M 1k . www. stae. com. cn



