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This thesis seeks to relieve the critical demand for cleaning filter systems (such as in power
generation, desalination, chemical processing) by introducing a verification of a high-pressure
backwash pump.

With the objective of achieving such device structural stability, this thesis explore the operat-
ing systems of pump operating in such harsh conditions. It verified the strength and stiffness
of both pump body and its integral linking parts through three-dimensional simulation/part
disassembly simulation in SolidWorks and finite element analysis (FEA), validly based on
the ASME design rules and “Stress (Deformation) Analysis and Evaluation of Components
and Devices - 2026 evaluation criteria.

In the static analysis results, it was shown that structural responses under the self-weight and
maximum design internal pressure are both within the acceptable range. The self-weight load
causes small stress and deformation, while the internal pressure affects the internal pressure-
bearing region without causing significant global deformation. Modal analysis shows the
pump structure is significantly more prone to low-frequency vibration effects compared with
the impeller. The system remains globally stable with response localization in the central
connection region under seismic loading case, whereas under harmonic loading case the
response stays low and no obvious resonance amplification is observed.
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Symbols and abbreviations

Latin characters

A area m
F force N
f frequency Hz
g acceleration due to gravity m=s>
p pressure Pa
T temperature K
X x-coordinate m
y y-coordinate m
Z z-coordinate m
Subscripts

max maximum

min minimum

Abbreviations

2D two dimensional

3D three dimensional

MPa megapascal
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1 Introduction

The present chapter seeks to pioneer the eld of high-pressure backwash pumps research
on modern industrial facilities and, also to reveal the role of structural reliability in system
safety(Qin et al., 2010). Considering the state of the market, the present chapter will outline
the predominant engineering problems for which this study has to respond and build the
theoretical grounding on subsequent approach for modeling and simulation veri cation.

1.1 Research Background

For industries ranging from power generation, seawater desalination, and chemical pro-
cesses, proper ltration systems are vital to keep nal quality of products safe, ensuring
downstream gear is safe and operations running effectively(Obiuto et al., 2024). Backwash-
ing is a fundamental technique for eliminating retained foulant from the lter as well as for
returning it to its pre-condition(Yaranal et al., 2020). The backwashing process, especially
under harsh situations in industry, is greatly affected by designs, as well as operation quality
which are part of the pumps which are used for the backwash ow(Bang-hua, 2023). Many
such pumps function in extreme conditions at high pressures to overcome lter resistance
and high temperatures(Yu et al., 2024). So the design and analysis of such high-pressure
backwashing pumps becomes an enormous engineering challenge with extensive emphasis
on structural integrity and long-term reliability.

The current article reviews some of the common elements of design and analysis for indus-
trial high-pressure backwashing pumps. The main objective here is to secure the structural
robustness and performance of such pumps for operation in extreme temperature and high
pressure conditions typical at the above industrial setting. The abstract describes one of the
design-based methodologies based on three-dimensional modeling in SolidWorks to provide
a more detailed nite element analyses (FEA) to determine the rigidity and ductility char-
acteristics of essential pump components. At the same time, this analysis also applies to
analyzing the performance, under different types of static, dynamic, and seismic loads.

1.2 Literature Review

Backwashing techniques have developed due to increasing ef ciency, lower water consump-
tion and greater automation(Li et al., 2018). The basics of backwashing include simple re-
verse ow, but modern methods add all manner of advanced capabilities to aid with foulant
separation. The adoption of sophisticated control systems has taken backwashing processes
from scheduled cleaning to demand-based scheduling(Malasri, 2011).



Ellouze et al. (2023) proposes an optimal control scheme for backwash scheduling in munic-
ipal wastewater MBR treatment with the aim of minimizing pumping energy. This illustrates
the direction towards intelligent backwashing approaches, which utilize computational mod-
els to save energy while enhancing cleaning ef ciency. Automatic backwashing systems,
as presented by Supriya, Gayathri & Gayitri (2018) illustrate this trend. Their Automatic
Back-Wash Filtering System, which functions through a differential pressure sensor and a
Programmable Logic Controller (PLC), will begin its own backwashing procedure automat-
ically and saves both manpower and time needed for conventional lters. In large-scale
industrial environments especially, this kind of automation provides invaluable support for
continuous operation.

Designing and evaluating high-pressure backwashing pumps for industrial uses require an
extraordinarily strong focus on structural integrity: especially in cases where temperature,
pressure, and more often than not dynamical load is present(Ferrer et al., 2016). In safety and
performance in an industrial environment with no safety guarantee of any kind, the reliability
of these pumps is more important than just any other in retaining the performance of their
Itration systems(Ishaque et al., 2025).

It has great dif culty in producing high-pressure pumps due to their internal-pressure bot-
toms, and therefore, they must balance with uid transport and time to service(Kumavat,
Trevisan & Guedez, 2025). The abstract of this paper speci cally introduces how three-
dimensional modeling in SolidWorks is also involved in part disassembling, which is another
industry standard for modern engineering design to form detailed geometries and enable in-
stallation monitoring. This rst stage of modeling is crucial for de ning the structural layout
and identifying critical stress points, before ne analysis is made.

Finite Element Analysis (FEA) in modern structural integrity assessment for high-pressure
elements has long been a cornerstone(Lu et al., 2024). In order to check strength and stiffness
under different loads this method, a part has been speci cally stated in the abstract. FEA
provides engineers with an ability to simulate the distribution of stress, deformation and
fatigue behaviors that they cannot or will not easily predict using analytical methods alone.
Referring to ASME design guidelines and “Stress (Deformation) Analysis and Evaluation of
Components and Devices - 2026” is a sign of adherence to an established best practice for
the assurance of safety and reliability in the construction of component systems, according
to the abstract(Park et al., 2024).

There exists an overwhelming literature evidence that FEA, when applied and critically im-
portant in high-pressure pump design processes, has widespread usage. For example, Jia
et al. (2024) used FEA in the analysis of an extra-high-head pump-turbine unit to determine
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deformation and stress as a function of extreme-pressure loads, resulting in suggestions for
design optimization. This demonstrates how FEA can identify early where failures might
arise and steer design improvement. Compared with observed service life, these results yield
important implications for equipment checking and maintenance, showing some predictive
capabilities of FEA in determining the long-term reliability of critical joints. According to

Ji et al. (2024),their design makes great use of FEA as it helps in complying with different
codes such as ASME as they compare material requirements and loads and check whether
structural safety is not sacri ced.

1.3 Research Problems & Research Questions

High-pressure backwash pumps operate under extremely high internal pressure and temper-
ature, which can lead to problems such as stress concentration and fatigue damage(L. Zhu
et al., 2024). Current traditional methods are insuf cient to accurately research stress distri-
bution. Therefore, using tools such as SolidWorks and Abaqus to study their performance
under static and dynamic loads.

The research questions contain about the following:

How to design and veri cation the pump internal structure under high pressure and high
temperature loads?

How to meet structural safety and vibration stability requirements under different operating
conditions(special operating conditions: power generation, earthquake and chemical pro-
cessing)?

1.4 Limitations and Thesis Structure

There are some limitations in this approach of project. First, thermal stress analysis usually
needs a relatively complete set of temperature boundary conditions such as steady-state or
transient temperature elds, the material thermophysical parameters vary with temperature,
and the operating thermal environment input should be more de ned. For high-pressure
back ushing pumps, achieving very trustworthy thermal stress results generally takes more
detailed modeling in which the uid temperature pro le, transfer paths, boundary heat trans-
fer conditions and high-temperature material parameters under real-world operations are in-
cluded. Such analysis has many limitations, with the need for more complete thermal data
support in addition to thermo-structural coupling. For structural nite element analysis as the
main focus of this study, thermal stress analysis was not present as a fundamental research
theme in the study and not enough adequate thermal input was ful lled.
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Second, seismic load analysis is typically modal analysis and response spectrum analysis and
needs well-de ned design seismic inputs, support boundary conditions, mass distribution,
and operating condition combination parameters. With regard to seismic response analysis
on engineering equipment it generally comprises a high quality special operating conditions
test for high level operation, for the sake of detailed design stages or a more formal evaluation
process. On the other hand, the structure needs to be carried out rst with basic structural
safety assessment like static analysis for identifying the stress distribution of the structure
with fundamental loads, and by modal analysis for basic dynamical characteristics and the
potential for vibration risk assessment(Zhang et al., 2026).

This thesis advances from concept design to veri cation in a well-ordered manner. After
this introduction, it presents the approach employed in utilizing SolidWorks and Abaqus,
including the ASME design criteria and evaluation standards applied. It has more important
ndings and is the center of this study. The 3D modelling and nite element simulation
results may be derived. It has been established how to identify critical load bearing 3D
characteristics and to perform stress strains and deformation conditions under different load
combinations in detail, and also compared to stiffening and strength checks according to
engineering codes. Lastly, it is the summary of ndings then provides design suggestions
of industrial application. By conducting this systematic methodology, the thesis shows that
combining advance simulation applications with traditional engineering codes will provide a
more robust route to safe next-generation industrial backwashing processes by using indus-
trial data and information.
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2 Method

In the section, This software SolidWorks will be used for 3D modelling. Some core com-
ponents will be considered at their functions. Then, Finite Element Analysis will be used to
test the stability of core components in Abaqus.

2.1 Overall Research Procedure

Based on the research questions and objectives outlined in this article, thereafter the study
performs structural model and performance analysis of the high-pressure backwash pump.
Systematic assessment of pump strength and vibration at normal operational levels is pursued
using a research procedure that combines computer-aided design and nite element analysis.

As illustrated by the gure 1 setup, the comprehensive process of research generally consists
of several stages:

Figure 1. Overall research procedure
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2.2 3D Modeling

It created a three-dimensional geometric model of the high-pressure backwash pump follow-
ing this initial stage of research to have a solid basis for subsequent nite element study and
analysis. This study adopts SolidWorks software to do the full three-dimensional modeling
of the pump body and necessary key parts to create a full assembly model with this basis.

The high-pressure backwash pump has a support plate, pump body, impeller, pump cover ,
mechanical seal, pump shaft, shaft bracket, motor bracket, coupling, and motor. Since the
overall assembly has been xed, the spatial relations and coupling patterns among compo-
nents can be more smoothly recognized and understood, which can later be used as the basis
for further analysis of the full overall structural response.

The pump body constitutes the fundamental element of the pump system that the examination
relies on. With multiple structural members, the pump body as a component is the rst to
be evaluated. The pump body has both the primary ow channel structure and is responsible
for basic functionality e.g. inlet and outlet ange connection, bolt connection interfaces and
internal pressure load transmission. In this regard, the pump body structural design is not
only a factor in uencing working stability for uid transportation, but also in uencing the
strength and sealing performance of the whole machine under pressure. Apart from pump
body, the impeller, as an important rotating part in the pump, could cause good effect on
the performance of the equipment in terms of structure and vibration; hence included in the
study in this paper(Y. Zhu et al., 2025).

During the modeling process, the integrity and rationality of important structural elements
(such as the outline of the pump body, mounting interfaces, and transition regions between
connections) were carefully considered in order to allow the model to remain valid during
nite element analysis. Meanwhile, some ne geometric features not directly connected
with research objectives were appropriately simpli ed to assist nite element calculations
and analysis of results, thus improving the computational ef ciency while preserving the
accuracy of the models. The assembly model was then used to con rm proper assembly
relationships and geometry, ensuring that the nal 3D model would comply with additional
parameters for import into Abaqus for nite element analysis. So the last 3D model set
the stage for de ning the materials, determining boundary conditions, generating the mesh,
static and modal analysis.

2.3 Finite Element Analysis

Once a full three-dimensional model of the high-pressure backwash pump has been estab-
lished, this paper also imports it into Abaqus for nite element analysis. The main aim of
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this task is to numerically solve the stress distribution, deformation properties, and dynamic
response of the structure under speci ¢ boundaries and loading conditions and provides a
framework to assess the safety and stability of the high-pressure backwash pump system. In
comparison to the conventional empirical design approaches, nite element analysis is able
to provide a more intuitive portrayal of the mechanical response of complex materials in the
working environment.

Material properties of the model need to be stated in the nite element analysis stage. The
basic parameters of materials (temperature, density, elastic modulus, and Poisson's ratio) for
analysis of structure in Abaqus can be described in this paper. These material parameters
form the fundamental input conditions on which the nite element solution is based, and
they shape the validity of subsequent stress analysis and modal analysis results. To achieve a
reliable analysis procedure, the paper considers the material homogeneous, continuous, and
isotropic.

The next step will be to de ne boundary conditions and load cases for the model. The bound-
ary conditions are mainly used to model the constraint state for the high-pressure backwash
pump over the real installation and operatory stage. Here, suitable constraints are placed
at critical points of the constraints to prevent rigid body displacements along the solution
ow, and to make the stress state of the modeling closer to the real-world engineering con-
ditions. The forces transmitted through the transmission path of the structure in the face of
compression can be studied with application of loads.

Meshing is an important operation in nite element analyses, and the quality of the meshing
affects both the results and solution ef ciency. This paper uses three-dimensional solid ele-
ments to discretize the framework, and through reasonable global mesh size control ensures
that the structure exhibits a strong geometric realism in order to satisfy the needs of future
numerical calculations.

The nite element analysis of a high-pressure backwash pump is shown based primarily
on static responses, modal characteristics, and representative dynamic loading conditions.
A static analysis of the responses is performed comparing the structural responses under
self-weight loading and maximum design internal pressure in the pump body with respect
to structural behavior. The maximum principal stress and Tresca stress are treated as the
primary assessment indices of the pump body and displacement distribution under loading
Is also obtained to characterize the overall deformation behavior of the structure. These
ndings are then used to identify the main load-bearing areas, stress concentration regions,
and basic stiffness characteristics of the pump structure.
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Besides static analysis, modal analysis is also conducted on the impeller as well as the en-
tire pump apparatus to identify its natural frequencies and mode shapes. Such analysis can
be useful with respect to identifying vibration-sensitive areas and for determining essential
dynamic characteristics of mechanical systems such as high-pressure backwash pumps (Ku-
mavat, Trevisan & Guedez, 2025). Two standard dynamic load test cases are then considered
for deeper study of dynamics under dynamic loading: seismic and harmonic loading. The
seismic loading is used to assess the structural additional stress and displacement behavior
following an example low-frequency external disturbance; the harmonic load is applied to
explore the steady-state response under a given harmonic excitation.

It is important to bear in mind that the nite element techniques employed across the stud-
ies are primarily static examination, modal examination, and limited dynamic load analysis.
While thermal aspects may affect the structural behavior of a high-pressure backwash pump
in the engineering eld, thermal stress analysis is not covered in the current study. This is in
large part on the understanding that the reliability of thermal stress analysis relies fundamen-
tally on such full temperature- eld input, heat transfer boundary conditions and the adequate
amount of detailed temperature-dependent material data. Because of the general nature of
this study and the available engineering data, temperature- eld modeling and thermal stress
analysis are not further developed herein and considered as an extension for future research.
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3 Results

This section will show the results.It including 3D models of the entire systems and different
nite element analysis.

3.1 3D Modelling in SolidWorks

To conduct nite element analysis on the high-pressure backwash pump, this paper rst es-

tablished a three-dimensional model of the pump as a whole in SolidWorks and completed

the assembly construction. The previously established model not only fully expresses the
overall structural form of the high-pressure backwash pump but also clearly shows the con-

nection and support relationships between the various components, thus providing a reliable
geometric basis for subsequent nite element analysis.

Based on the whole structure, the high-pressure backwash pump primarily consists of the fol-
lowing components. Flange connections and shaft connections combine these components
into a complete pump unit. The exploded view of the whole assembly can intuitively illus-
trate the assembly sequence and spatial relationship of each component in the axial direction,
helping to understand the pump's transmission path.

3.1.1 3D Models of All Parts

Of all parts, the pump body is the core component. It forms the pump's main ow channels.
It provides the structural framework for the system. Figure 2 The pump body contains inlet
and outlet anges and reinforcing ribs. Due to its multiple geometric transitions and local
openings, the pump body is also a prime component of the structural analysis—one of the
most important items in terms of structural analysis.

Figure 2: Pump body
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The pump cover serves as an enclosure for the pump chamber. Figure 3 shows that it forms
the pump's enclosed internal space. It also supplies mounting interfaces for the shaft and
seals. Because of these anged connections and bolt holes that are made by the pump cover,
the pump cover also helps keep the assembly sealing.

Figure 3: Pump cover

The impeller's purpose is to transform mechanical energy into uid energy, which can then
result in pressure rise and motion of uid(Figure 4). As its geometrical design and mass dis-
tribution directly affect its dynamism, the impeller is also one of the important components
for modal analysis in this study. Even the impeller possesses various vibration properties
than that of the pump body structure, con rming its signi cance in the dynamics study.

Figure 4: Impeller
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The pump shaft is the primary transmission structure of the rotating system. Figure 5 shows
it delivers the motor torque to the impeller and keeps the rotational alignment of the shaft
system. Its stepped size is suitable for various installation locations, such as interfaces with
the impeller, couplings, and reinforcements. The shatft is closely related to the transmission

path, and the vibration response in general, it is an important part of assembly and perfor-
mance assessment.

Figure 5: Pump shaft

The mechanical seal is applied between spinning shaft and the stationary pump casing(Figure
6. Its main purpose is to keep the working medium away from the shaft and keep the sealing
performance of the work medium stable in operation. It may be small compared to the pump
body size but it helps in the safe and stable running of the pump.

Figure 6: Mechanical seal
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The shaft bracket is there to support the shaft system and increase the positional stability.
This shape of the structure allows a good structure while having a relatively wide interior
cavity. This device further enhances the stiffness of the rotating system, thereby changing
overall modal properties of the pump(Figure 7).

Figure 7: Shaft bracket

The motor shaft and pump shaft are coordinated through a coupling. Figure 8 shows it
sends motor torque into the pump, providing stability in power transmission. It also helps to
eliminate slight misalignment between the drive and driven shafts. While the coupling is not
a pressure-bearing unit, it is an essential part of the power transmission chain. This drives the
entire pump system with the electric motor. It sits at one end of the assembly and is coupled
to the pump shatft.

Figure 8: Coupling
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For purposes of this study, the motor is treated as part of the complete assembled system,
and the weight and support condition of the motor will play a signi cant role on the overall
structural and dynamic behavior of the motor system(Figure 9).

Figure 9: Motor

A support plate(Figure 10) and a motor bracket(Figure 11) are secondary support mecha-
nisms. One support plate supports the mounting of the assembly, and the motor bracket
serves to position and support the motor. This helps to enhance the stability of the assembly
and correct alignments of the motor with other components.

Figure 10: Support plate Figure 11: Motor bracket

There are many different components for the pump that can be categorized into three func-
tional portions: the pressure-bearing components, rotary transmission components, and sup-
port/connection components. This classi cation serves in order to make clear the role that
each component is supposed to play within the general pump system, that can form the basis
for subsequent stress analysis and modal analysis.
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3.1.2 Exploded View of Overall Assembly

The entire pump assembly was built in SolidWorks after modeling all the individual com-
ponents. From the gure 12 , the support plate is positioned at the front side of the system,
followed by the pump body, pump cover, mechanical seal, shaft-related components, cou-
pling, motor bracket, and motor. The impeller is mounted within the pump structure and
connected to the shaft, resulting in the central rotating subsystem of the pump.

Figure 12: Exploded view of overall assembly

The entire assembly model assists in determining the primary load transfer path and possible
areas of stress concentration or vibration response. Furthermore, the assembly model renders
it possible to investigate the pump as an integrated mechanical system, not only as various
parts, but as a unit which is of great signi cance when it comes to modal analysis of the
overall structure.

In conclusion, a correct three-dimensional assembly model of the high-pressure backwash
pump can be accurately obtained from the previous model. This is so that each compo-

nent represents a relevant relationship and sets the stage for the nite element analysis and
structural performance evaluation that follows.

3.2 Finite Element Analysis in Abaqus

For this study, our approach applied the nite element method (FEM) to systematically an-
alyze the structural response of a high-pressure backwash pump. After the above modeling
and analysis process, the geometric model was formed in SolidWorks, and imported into
Abaqus for FEM solution. In order to realize full inspection and evaluation of the high-
pressure backwash pump's structural safety and operational stability under real operating
conditions, the FEM results not only include conventional static strength analysis and modal
analysis, but also involve additional discussion about structural response in the seismic load
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and combined load conditions. By and large this result structure conforms to that found
in of cial reports of component stress assessments: the results rst discuss pressure, self-
weight, modal, and seismic performance individually then talk together through in uence
load conditions bring-up levels stress trends at key points.

From the perspective of analytical objectives, FEM results are not simply “show shape”, but
layered to offer readers a detailed picture of structure that has varying loads and different
operational conditions. For mechanical devices such as high-pressure backwash pumps that
operate with high pressure, high temperature or even for special purposes. Just observation
on the stress results under a single load is not in itself enough to fully explain their safety.
Internal pressure shows the distribution of stresses at the pressure bearing areas of the pump
body; modal analysis points out low-order vibration-sensitive regions, seismic load, which
shows the additional response of the whole structure under dynamic external loading, and
load combination leads to most unfavorable operating condition under real service condi-
tions.

Based on the building material structure of the high-pressure backwash pump, the pump body
and impeller are considered as the most essential analysis objects. Static load and the pump
body's dynamic responses are of primary emphasis and these characteristics are considered
based on internal pressures or connection constraint. The impeller, the primary rotating part
contributes to the equipment control as it has certain modal characteristics and receives a
local vibration response.

Note that the nite element results in this study are primarily designed to analyze static anal-
ysis of the pump body, modal analysis of the impeller, modal analysis of the overall pump
structure, and dynamic response evaluation under seismic loading and harmonic loading.
The static analysis is performed to evaluate the structure stress and deformation under max-
imum design internal pressure, while both maximum principal stress and Tresca stress are
the main evaluation indices. The modal analysis is mainly performed to identify the natu-
ral frequencies and mode shapes of the impeller and the overall pump structure, revealing
the vibration-sensitive regions and establishing the base to understand the low-frequency dy-
namic characteristics of the system. The seismic loading case is also introduced for structural
response at a representative low-frequency dynamic disturbance, and the harmonic loading
case is introduced to analyze the steady-state response of structure subjected to de ned har-
monic excitation. This analytical scope is relatively high level and provides preliminary
assessment of strength, deformation and dynamic stability and clearly sets a platform for
future research with respect to thermal effects, complex load combinations and general as-
sessments of service states.
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3.2.1 Stress and Static Strength of Pump Structure

Static analysis was performed for the evaluation of the initial structural performance of the
high-pressure backwash pump with appropriate non-dynamic loading. For such a mechani-
cal arrangement static tests are important to establish if there is enough load bearing power
in current design, and when the deformation will be in a feasible limit but also for the lo-
cal stress concentration, it will be found at critical connection and transition regions. In the
current study the structure’s static pro le was analysed from the three closely related dimen-
sions: its response to self-weight loading, its response under internal pressure loading and
the overall stress condition of pump body. The integration of these ndings allows to obtain
more comprehensive picture of the static structural effect.

From a mechanical perspective the self-weight load indicates the basic dead-load state of
the structure and helps in determining the natural load transfer from the mass of the pump.
The internal pressure loading, on the other hand, gives more indication of the true level of
working condition of a high pressure backwash pump, the main effect of the pump is to resist
and distribute pressure during working. Collectively, the overall stress assessment of the
pump body, expressed as maximum principal stress and Tresca stress, enables to identify the
structural areas where local stress concentration is higher. As such, these three components
together contribute to a complete assessment of the composition of the structure: self-weight
loading is obtained because it indicates basic stiffness and dead loading, internal pressure
loading corresponds to the most important working load, and these contours of the pump
body stress correspond to the general patterns in stress distribution in the structure.

The self-weight load case also provides the rst speci c static reference condition. When
the structure under individual self-weight load is fully loaded, the general stress level is
quite low. The majority of the model regions remain within the minimum stress range,
which indicates that gravity does not induce any signi cant stress development in the major
load bearing members of the structure. We calculate the maximum von Mises stress under
self-weight as 6:407 10° MPa, which is extremely small in comparison to our more repre-
sentative operation loading. This proves that self-weight is not the governing load case of the
current design. However, the self-weight analysis is still meaningful since it unambiguously
shows the normal load transfer path of the structure in the presence of dead load.
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Figure 13: Stress distribution of pump structure under self-weight loading

Figure 13 shows the von Mises stress distribution of the pump structure under self-weight
loading. Large sections of the outer plate and rear support structure can be seen remaining
at the blue stress level and some slight high stresses occurs in the region about the front-end
circular plate and at the edge of the holes of the hole along with in the transition where ribs
or the local supporting members join in the area of the ring. It indicates that the dead weight
of the structure is mostly transferred through the local support process from the front-end
section to the rear supporting plate. Responses are also limited in their magnitude, but the
contour was useful to nd out which sections were most responsible for absorbing the load
of the structure.

Another aspect of the global deformation pattern is also provided by nding the magnitude
of the displacement under self-weighted loadings. The maximum value of displacement
is 1:403 10 °> mm; this is similarly small. The displacement pro le results indicate a
clear trajectory from the back part of the support to the front. The rear-spatially disk-like
supporting section is close to the minimum displacement region, while the circular plate of
the front of the front end center of the ring plate, and the region of its linked rib support area
are all to the larger end. It is implied that there is only mild bending-type deformation in the
structure at the level of gravity with the backing side acting as strong and stable support and
the front facing as a relatively free region.
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Figure 14: Displacement distribution of pump structure under self-weight loading

Figure 14 shows the displacement magnitude distribution of the pump structure under self-
weight loading. The displacement contour, on the other hand, is conclusive of having a well
controlled self-weight response and with a lack of excessive global sagging/stability. From
an engineering perspective, this outcome indicates that the current structure is suf ciently
stiff to carry its own weight without visible deformations.

For a pump, internal pressure is much more indicative of the actual state of service versus
self-weight loading. The Internal pressure load directly affects the pressure containing sys-
tem, directly with the pressure-containing region and is therefore responsible for the stress
character of the elements that are most closely related to the operative function of the whole
structure. From the internal pressure analysis, the conclusion indicates that most larger outer
regions remain low stress level and relatively low stresses, which means that the pressure
response will not be a uniform pressure response by the structure as a whole. Instead, the
pressure effect is primarily focused on the inner pressure-carrying region and the network
detail of the neighboring connection. The internal pressure is thus the pressure of core and
the outer members are restraint and stiffness to act as the pressure holders instead of the
central members of the structure.
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Figure 15: Stress distribution of pump structure under internal pressure loading

Figure 15 shows the von Mises stress distribution of the pump structure under internal pres-
sure loading. Based on the contour table, the maximum von Mises stress is approximate
1.085 MPa. The most stress lies in the front-end pressure bearing cylindrical area, the ange-
like transition region, the edge spaces surrounding the hole, and the adjacent connections to
the surrounding frame. This pattern of stress is mechanically permissible. The internal cavity
under pressure expands externally and the internal-external resistance is supplied by connec-
tion interfaces and support members that are present nearby. Thereby, the stress is localized
in the direction of the load path or at a higher slope. The rear large plate lies predominantly in
the low stress region, it is said that the pressure response is very micro-scale and the overall
design of the structure is enough to prevent large-scale stress expansion.

The displacement caused by internally loading the plate further substantiates the pressure
transfer effect. The displacement is in contrast not global and is distributed as a mode of
global bending, rather instead it is local and is con ned to the pressure-bearing region. This
maximum displacement is 3:618 1 mm, largely restricted to the internal cylindrical do-
main and the neighboring front-end connection region. The support plate posteriorly and the
large majority of the external structural components are in turn at the extremely low displace-
ment regions, indicating the outer portion of the structure has some stiffness to effectively
limit the overall deformation.
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Figure 16: Displacement distribution of pump structure under internal pressure loading

Figure 16 shows the displacement magnitude distribution of the pump structure under inter-
nal pressure loading. As seen in the gure, both the internal pressure-bearing portion and
nearby transition area have the largest displacement, correlating with the stress concentration
pattern observed in Figure 15. This correlation between pressure and displacement hints that
the local regions also cause pressure transfer and deformation concentration respectively.
The true displacement is still small in absolute magnitude, which is also evidence that the
current design has a suf cient level of global stiffness under pressure loading.

Between the self-weight and internal pressure load the difference is clearly found. When
subjected to self-weight loading, the structure shows a very mild global bending tendency,
and the global bending potential of both stress and displacement is very low. However, under
internal pressure load, the response is much more localized and is clearly controlled by the
pressure bearing core region and the associated connections. So self-weight has primarily
acted as reference load case for stiffness veri cation compared with the more critical static
load for estimating the operation performance of the pump system.

The static stress results indicate that the overall stress state of pump body under present load
has relatively de ned structural characteristics. The maximum principal stress characteristics
reveal that the high stress does not fully spread throughout the whole area of pump body, and
predominantly is observed in the area with large local geometric changes, strict boundary
conditions or greater load concentration. This distribution pattern demonstrates that there
exist a clear overall load-bearing path for the pump body, which is the main pressure-bearing
part, and most structural regions have not been at dangerous stress levels. The maximum
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principal stress distribution under the applied load is shown in Figure 17 for the pump body.
It represents the portion of the pump body most prone to the tensile principal stress under
load where localized tensile stress concentration is observed are not safe.

Figure 17: Maximum principal stress distribution of pump structure

Additional studies on the Tresca stress values may assist in understanding the likely haz-
ardous areas occurring in the pump body under complicated stresses. In contrast to the
maximum principal stress, Tresca stress emphasizes the maximum shear effect and is there-
fore well suited to the auxiliary analysis of local stability and yield risk. From the overall
distribution of stress to Tresca, most areas are relatively at low stress, but higher Tresca stress
mainly occurs at the edges of shell connections, external contact interfaces, and transition ar-
eas. Such distribution suggests that the stress is not uniformly diffused while the pump body
is compressed, but rather, accumulates along the structural force transmission path to locally
weak points.

The signi cance of Figure 18 is to highlight the location and extent of localized shear stress
areas. Collecting Figures 17 and 18 shows that the hazardous areas of the pump body were
highly consistent, with hotspots more likely to occur close to local geometric discontinuities
and connection interfaces. Hence, the fundamental structural load-bearing capacity is good
and the issues mainly are in the detailed design. Thus, a fairly transparent conclusion is thus
arrived at: the current pump body structure has overall load-bearing capacity. Local stress
concentrations should still be put in top design and evaluation stage as well.
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Figure 18: Stress distribution of pump structure

At the same time, the comparison of the generalised pump body stress contour with the more
detailed load example speci c results reveals a homogeneous structural nature. The central
stress-sensitive areas detected in a maximum principal stress and Tresca stress contour are
all the same zones of greater tendency under internal pressure loading. This correspondence
provides an additional support for the interpretation that the risk safety of the high-pressure
backwash pump is predominantly determined by local con guration information, transition
structure/design information, region adjacent to holes, and internal transfer path pressure.
By contrast, in most cases, the vast rear supporting disk and the continuous outer plates are
mostly serving as stable supporting members and do not become crucial for the current static
state.

From design perspective, we get several signi cant results based on static results. Initially
the structure demonstrated adequate overall stiffness and basic load-bearing capability under
both self-weight and internal pressure loadings. Secondly, the design is not based on self-
weight, since both stress and displacement levels are very low to simulate gravity. Third,
internal pressure, the more suitable static service load, exerted effect predominantly in the
pressure-bearing region of internal pressure system and its surrounding transition interfaces.
Fourth, the structural focus is on the local details as opposed to the global body of the pump.
As a result, later structural improvements should concentrate on local optimization of the
front end cylindrical part and the ange-like transitioning, the linkage interfaces, and hole-
adjacent locations with the removal of extraneous reinforcement all around their system.

The static analysis shows that the high-pressure backwash pump performs well structurally
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during a typical static load. Most of the structure is in low stress, low displacement con-
dition, which implies suf cient global stiffness and load transfer. There is still local stress
concentration in certain geometrically sensitive regions, but the response is limited to a small
region of the structure and does not hint at any overall instability issue. The results represent
a credible foundation for the above modal analysis and dynamic loading evaluation.

3.2.2 Modal Characteristics of Pump Structure

Dynamic response aside, the transient performance of the high-pressure backwash pump is
an important factor in the assessment of structural safety. Modal analysis is used to determine
the characteristics of the body vibration surface according to the natural frequencies and
modes in order to determine which regions of the body are most susceptible to vibration
within dynamic excitation. With respect to the processing techniques reported in formal
stress evaluation reports, the modal analysis describes the underlying vibration properties of
the structures and also forms a preliminary step for subsequent seismic response spectrum
analysis. The assessment report provides a foundation for dynamic load analysis, where the
report extracts the rst few modes, statistically analyzes the masses involved, and concludes
if residual mass correction is useful. This shows that modal performance is not a conclusion
but rather an important bridge between normal and special operating condition analyses.

The rst natural frequency in case of impeller is about 255.64 Hz. This is that the impeller
operates with a high dynamic stiffening potential with current structural dimensions and
boundary conditions where all its lower-order vibrations are not locally lower at rst. In en-
gineering, higher rst natural frequency is generally regarded as indicating that the structure
is relatively insensitive to low frequency excitation so that the overall dynamic stability of
the impeller is quite good. But this is not to say that the impeller is immune to localized
vibration danger. The modal vibration characteristic of the impeller re ects that its response
is predominantly concentrated in the distal direction of the pole (outward), and in the outer
aspect it makes more modal contribution than is found in central position. This suggests that
the rst-order vibration behavior of the impeller is not a global rigid-body motion, but a local
exible response dominated by the outer edge.

The overall distribution results of the impeller rst-order vibration modes can be seen in
Figure 19. The ndings indicate that the vibration is much weaker in the restricted region
around the main impeller, and, on the contrary, the outer-edge or local blade region has more
signi cant modal involvement. The outer edge largely determines the dynamic response
during the rst order mode of the impeller, but for the central region, it is still relatively stable
due to its connection and support functions. Such nding suggests that the weakness in the
dynamic behavior of the impeller lies not in the overall system but rather in the localized
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