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ABSTRACT

The strong vibration of reciprocating pump in oil transportation station pipeline system will serioudly affect the safe
running of the equipment and pipeline. And the resonance between pipe and egquipment will cause more severe
damage. Therefore before the formal operation of station, not only static stress analysis, but also modal analysis and
vibration analysis are necessary for the reciprocating pump pipeline system. The analysis method using CAESAR |1
software pipeline system for numerical simulation of the reciprocating pump XX pump station can provide reference
for designers and can be used to determine the type and location of pipeline constraints and consequently reduce
vibration damage.
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INTRODUCTION

Reciprocating pump is one of the most importaniggent in oil transportation station. For the reoiating pump,
whether the pipeline structure or oil medium systdray all belong to elastic vibration system. Bestic vibration
system will vibrate when it is exposed to excitiogce. When the exciting frequency is within these of natural
frequency of the pipeline system, resonance oéthepment and pipelines happens, which resultevere damage
for equipment and pipelines fittings, even outerfvice for equipment in oil station.

Numerous domestic researchers have performed #glgséon the reciprocating pump system in follogvarspects:
the reasons of resonance, the vibration analysiscatculation, and vibration elimination approachEse stress
analysis technology of long distance oil pipeliseciose to mature; however, the stress analysisdbsisidy about
the pipeline vibration of the reciprocating pummimost blank. In this paper, CAESAR Il is appliedanalyze the
static stress, modal and vibration of pipeline siyst of reciprocating pump in oil transportatiortiets which aims
to provide standardized design idea for pipelinstesys, and guarantee the safety running of equiprzed

pipelines in oil transportation station [1-8].

METHOD
Stress analysis of pipeline system of reciprocagngp in oil transportation station includes thespects: static
stress analysis, modal analysis and vibration aisaly

Satic stress analysis

(1) Establishment of the pipeline system: the bpgieline parameters (i.e. pipeline diameter, pigethickness and
materials etc.) require inputting into the openatioterface and environmental parameters (i.e.lippeperation
temperature and pressure).

(2) Establishment of constrains: based on the eeging practice, constraints need to be simplifaad] then input
into the operation interface. CAESAR Il performedimulation to three typical constraints (i.e. swilnstraint,
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valve seat constraint and pump pipe nozzle comsfraf pipeline system in oil station, which is plsyed as Figure
1.

(a) Sail constraint (b) Valve seat constraint (c) Pump pipe nozzle
Fig.1 Layout of Constraint Model

(3) Establishment of load cases: from productionoperation, since the medium inside the pipelind &a
environment are different at different stages,|tia& cases require establishing based on difféoaxs.

(4) Exporting analysis results: the analysis repbsgtatic stress is generated after calculatintheysoftware.

Modal analysis
(1) Defining the basic parameters: ‘Dynamics’ maubf the software requires inputting the lumpedssnand
parameters of the shock absorber.

(2) Defining the control parameters: When the déitfeequency is set as 100Hz, and ‘Natural Freqiesiof
creating a pipeline system is checked, the softwélieggenerate the natural frequencies that cowadp to different
order numbers.

Vibration analysis
(1) In CAESAR I, the harmonic load is an input,iaiincan be calculated by following steps:
(i). Calculation of the pressure unevenness

0, = (P, — P, ! P,x100% Q)
Where:

Prax: Maximum pressure;

Prin: Minimum pressure;

P Average pressure.

(ii) Calculation of pressure fluctuation

AP =0.5P_xJ, )

(iii) Calculation of harmonic load

The results of Formula (2) is used to caculatehemonic load, which is achieved by multiplying theessure
value of key spots and the area of cross-secticoraésponding location.

(2) Defining the lumped mass, parameter of shoclodier etc.

(3) Calibrating the vibration according to the $tard of APl 618.

Stress calibration standard

The stress calibration of pipeline utilizing CAESARollows the ASME B31 standard.

In terms of different load types of pipelines i thil station, the content of static stress catibreincludes primary
stress and secondary stress. The primary stregnerated by gravity, external load and insidequnes and since
the load does not include the temperature, theggirstress is called pure cold-state stress; tbenskary stress is
generated by temperature and is called pure hte-stass.

The calibration standard of primary stress in ASBIEL.3: The sum of longitudinal stress SL generdtgdravity
and other sustained load should not exceed thealtile stress of hot state Sh, namely
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§<§, ®

The calibration standard of secondary stress in ES81.3: The range of displacement stress SE gektay
thermal expansion, endpoint displacement and déw¢ors should not exceed the allowable value SA.

S =(§+45)<S, = f(1.2% + 0.25 (4)

Where:

S.: Allowable stress in cold-state;

f: The reduction factor of allowable stress rangthiwithe predict service life, which considers thiuence from
total circles.

S The stress of a pipeline generated by composgiteling moment under thermal expansion, cold shgekand
endpoint displacement;

S: The stress of a pipeline generated by torque rutide thermal expansion, cold shrinkage and endpoin

displacement.

Calibration standard of modal analysis

Calibration of pipeline modal analysis aims to n#vthe resonance generated between pipes andrent In
engineering practice, the frequency range of 0Btifnes natural frequency is called the resonaag®n, so it is
required that the inherent frequency of the pigelihould exceed 1.2 times exciting frequency, ihad keep it

away from resonance region.

Calibration standard of pipeline vibration

The objective of pipeline vibration calibrationtes check if vibration velocity of a pipeline is Wit the allowable
safety range. AP1618 provides the correspondingirements for pipeline vibration [9]:

(1) When the frequency is lower than 10Hz, thevedible amplitude is 0.5 mm peak-peak value;
(2) When the frequency is within 10~200Hz, thewalible amplitude is 32mm/s peak-peak value.

API 618 Design Vibration Guideline
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Frequency (Hz)

Fig. 2 API 618 Piping design vibration at discrete frequencies

EXPERIMENTAL SECTION

General situation of project

XX oil transportation station is located at west@fnina, there are total four reciprocating pumpsiggeed at pump
house in oil transportation station to transpomvyeoil. The rotating speed of pump is 300 r/mime bperation
temperature of pipeline is 95 °C; the operationspuee of pipeline is 8MPa. There are two types ipélme

materials, namely L360 and L450, and total foures/pf pipeline specifications. Table 1 lists théade of each
pipeline; Figure 3 shows the effect drawing of dattion of reciprocating pump pipeline system bytsafe. Since
the main oil inlet pipeline, the main oil outletppline and the sewage pipe are buried undergrotied soil

parameters require setting in the software to perfthe simulation. Table 2 shows the details of parameters.
And Table 3 shows the calculation results of harimbrad.
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Reciprocating Pump 1 ‘

Reciprocating Pump 2

Main ail outlet Pipe I~ . Bl outlet pipe 1

Main oil inlet Pipe

ting Pump

Fig. 3 Simulation of reciprocating pump pipeline system by CAESAR 11

Sewage Pipe

Table 1 Pipe Parameter s of Pump Pipeline System in XX Oil Sation

Parameter Pipeline Main oil outlet pipe  Main oil inlet pipe  Oil outlgtipe 1 ?:lli;;glit
Pipeline Diameter /mm 355.6 559 273 323
Pipeline Thickness /mm 9.5 5.2 7.8 5.2
Insulation Thickness /mm 60
Corrosion Allowance /mm 1
Pipeline Material L450 L450 L360 L450
Oil Density /kg- i 900
Class of Area Level 3 Area
Installation Temp. of Pipeline /°C 10
Operation Temp. /°C 95
Operation Pressure /MPa 8
Table 2 Soil Parameter s of Buried Pipeline of Pump Pipeline System in XX Oil Sation
Friction Density/ Buried depth  Internal friction  Backfill compaction  Yield displacement Thermal expansion
Coefficient kg-m?® of pipe /m Angle/ ° coefficient coefficient coefficient/ (L/L/°C)
0.6 2600 2 37 5 0.015 11.214

Table 3 Calculation Results of Harmonic L oad (partial of list)

Node Position (type) Phase angle Direction of haiowforce  Harmonics force /N
1520  Elbow pipe 0.00 Z axis 952.55
10180 Tee fitting 270.66 Y axis -128.12

RESULTSAND DISCUSSION

Satic stress analysis

According to the stress analysis report generaje@AESAR I, the position and value of maximum sg@f the
full length of pipeline can be obtained. Table 4wk the calibration of maximum primary and secopddress of
reciprocating pump pipeline system in XX oil statio operation condition.

Table 4 Calibration of Maximum Primary and Secondary Stress of Reciprocating Pump Pipeline
System in XX Oil Station in Operation Condition

Type Stress/ MPa  Node  Stress ratio/ % CalibratessStMPa
Primary Stress 133.09 10160 75.1 177.20
Secondary Stress 189.18 24640 55.6 340.39

Table 4 exhibits that the stress analysis repant @ only show the stress, stress ratio, but #isogenerated
location. The stress ratios of primary and secondtess of reciprocating pump pipeline systemess than 100%,
which does not exceed the maximum allowable vafysp®line stress that meets the criteria of steadsty.

Modal analysis

Modal analysis needs to analyze the oil inlet pigesystem and oil outlet pipeline system separaseld CAESAR
Il is able to generate the natural frequency okl system automatically. Figure 4 and Figureidpldy the
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natural frequencies of first ten-order of oil infEpeline and oil outlet pipeline separately. Feyéralso shows the
first two-order vibration modes of the pipeline &g, in which the vibration modes of pipeline sys$ecan be
found out.
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Fig. 4 Natural frequency analysisof ail inlet pipeline system
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Fig. 5 Natural frequency analysis of oil outlet pipeline system

" (1) First order » (2) Second or der

Fig. 6 Diagram of first order and second order of ail inlet pipe simulated by CAESAR |1
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From Figure 4 and 5, with the increasing of vilmatmode order, the natural frequencies of oil ipipteline and oil
outlet pipeline increase in varying degrees, wtaghibits a general uptrend. The natural frequerddp® oil outlet
pipeline is higher than the oil inlet pipeline. &nthe rotating speed of the reciprocating pung0& r/min and the
exciting frequency is 5Hz, the minimum natural fregcy (first order natural frequency) of the pipelsystem for
resonance prevention should larger than 5x1.2=@&d¥rthe natural frequency of oil inlet pipelineds81Hz<6Hz,
which does not meet the standard requirement,escefonance between the oil inlet pipeline andpegents would
occur, and vibration reduction measures needs taken. The first order natural frequency of oitleupipeline is
55.02Hz>6Hz, which meet the standard requirementare is no need to take vibration reduction mess

According the engineering experiences, the maimragmh for vibration reduction of pipeline systerago install
the oriented support and load-bearing support ladvelpipe and flange. The oriented support with fdivection
restraints is added in original model, which isseldo the elbow of oil inlet pipeline; and the ldashring support is
added in the position of flange; then the modalyasisis performed again. After running by the salte, Figure 7
displays the effect drawing of the simulation; d&iglure 8 shows the natural frequencies of firstdeder.

Oriented Support

L oad-bearing Support

Fig. 7 Simulation of oil inlet pipeline system after adding restraints
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Fig. 8 Natural frequencies of improved ail inlet pipeline system

From Figure 8 it can be concluded that the mininmatural frequency of improved pipeline system iS038iz,

which is much larger than 6Hz, so the resonancedsat pipelines and equipments would not occur. &ffextive

improvement of pipe rigidity and increasing of matufrequency of pipeline system are verified byliad the

oriented support to the position close to the ellpipeline and adding the load-bearing supportdade position,
which is able to prevent the occurring of resonaaféectively since the exciting frequency is nothin the range of
natural frequency.
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Vibration analysis

Assuming the reciprocating pump 1 to 4 run togethération analysis is performed by CAESAR II, whhi

concludes that the maximum displacement occur®aé 10200, the maximum displacement is 0.059mm tlaad
frequency is 16.326Hz, as well as the phase asdl®.62°. The vibration speed of pipeline systet2i998mm/s,

which is lower than the specified value 32mm/s fldiR1618, so the pipeline vibration meets the rezmuient.

V=2xfA (5)
Where:

V: Vibration speed, mm/s;

f. Vibration frequency, Hz;

A: Amplitude, mm.

CONCLUSION

This paper puts forward the difference of stresalyamis and research between reciprocating pipedime long

distance oil transportation pipeline, which is thia¢ stress analysis of oil transportation pipelimeoil station

includes static stress analysis, modal analysisvébrétion analysis. The standards of stress califam, resonance
calibration and vibration calibration of oil tramgion pipeline in pump house of oil station adentified. The
methods for stress analysis, modal analysis anchtiéim analysis of reciprocating pump pipeline egstin oil

station are proposed.

By the software simulation of CAESAR I, the effieet improvement of pipe rigidity and increasing radtural
frequency of pipeline system are verified by addihg oriented support and load-bearing supporhé& dibow
pipeline and valve, which prevents the occurringesbnance effectively.

The methods for stress analysis, modal analysisvdordtion analysis of reciprocating pump pipelip®posed in
this paper can be applied for technological desifyoil transportation station, which will effectilyeincrease the
operation reliability of equipments and pipeline.
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