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Abstract 

In today’s highly competitive market, there is a growing demand for lightweight, cost-effective designs that do 

not compromise structural integrity or functional performance. In end-suction centrifugal pumps, the casing wall 

thickness significantly contributes to the overall weight of the product. The study performs design re-engineering 

of large size pump used for sewage application which add significant value towards product upgradation. This 

design gives competitive advantage & results into customer satisfaction. In the existing casing design, it is 

observed that wall thickness is variable which introduces several challenges including uneven weight distribution, 

potential stress concentration zones, complex manufacturability, difficult quality inspections, and increased 

material waste, etc. These factors collectively extend the product development cycle and reduce overall efficiency. 

The study focuses on structural optimization and weight reduction of pump casing and makes it manufacturing 

friendly design with consistent wall thickness. This is achieved by using simulation driven approach. Simulations 

/ Analysis carried out for pump casing to study the overall stress distribution in the casing region and identify the 

critical and the non-critical locations. Complementary analytical calculations were also performed to validate and 

correlate the simulation results, showing strong agreement between both methods.  Based on stress distribution of 

the existing casing, various design optimization simulations are explored to achieve a uniform wall thickness. 

Accordingly, design iteration is selected which meets the requirement of stress and factor of safety (FOS) 

requirements.  This study led to 6% reduction (a saving of over half a ton) in casing weight, achieved consistent 

wall thickness ensuring structural strength and produce a sustainable, environmentally friendly design by using 

CAD and simulation/analysis tools. This study also demonstrates the application of meshless technology at the 

designer level to accelerate the design process as compared to conventional processes.   

 

Keywords: Centrifugal pump casing, wall thickness, FEA, weight optimization, design iteration, simulation, 

SimSolid, Abaqus. 

 

1. Introduction 

A centrifugal pump includes casing or housing, impeller, shaft, and bearing housing. Fluid enters through 

the suction nozzle, and the motor-driven impeller increases its speed and pressure. As the fluid moves through the 

volute and diffuser, its velocity drops, converting kinetic energy into pressure. [1]. The pump and its parts must 

function with reliability and with zero leaks. The casings are typically designed as volute shells that include two 

nozzles, one for fluid intake and the other for discharge. The volute casing is divided along its perimeter into 

regions that handle varying flow capacities, with some areas designed for high flow and others for low flow [2]. 
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It plays a vital and crucial role in pump assembly. So, the strength of casing is important to ensure its safe 

operation, especially when it is exposed to several working conditions. Hence, the centrifugal pump's structure 

must be sufficiently robust to preserve its strength and functionality during its working operation condition. Also, 

the structure of the centrifugal pump must be strong enough to maintain the pump functionality [3]. Therefore, 

choosing the optimal thickness for the pump casing is important for its performance and to avoid failure during 

performance test & other operating conditions. Conducting a burst/hydro pressure test on pumps offers critical 

insights for developing emergency response protocols and accident preparedness. It also helps pinpoint potential 

failure zones within the system. By estimating burst/hydro pressure, engineers can identify vulnerable components 

and assess how much safety margin exists between the system’s design limits and its actual breaking point.[4] 

In most cases large pump casings are manufactured by sand casting process. Sand casting is a process 

where a pattern is used to make a cavity in sand, into which molten metal is poured. After cooling, the sand mold 

is broken to retrieve the solidified metal part. This method is widely used for producing complex metal 

components due to its low cost and versatility [5]. Casing (or casting) thickness plays a crucial role in ensuring 

casting quality and mold longevity. Uniform wall thickness helps achieve consistent solidification, reduces the 

risk of shrinkage cavities, and minimizes temperature differences that can lead to premature mold failure. 

Avoiding abrupt changes in section thickness and using smooth transitions like generous fillets not only improves 

metal flow and producibility but also extends mold life. Therefore, maintaining nearly uniform thickness 

throughout the casting is essential for optimal performance and durability. [5][6] Non-uniform wall thickness can 

lead to stress concentrations, making the casting more liable to fatigue cracking/failure and other structural issues 

[7]  

Current competitive market demands economical pump. To achieve this, weight reduction of pump 

components will play imperative role and especially lightweighting of pump casing.  By optimizing the pump 

wall thickness, we can reduce material usage by around 6% [8] Optimization method plays a vital role in 

improving component performance while reducing both weight and cost. By applying optimization techniques, 

material usage and consequently material costs can be minimized, which often represent a significant portion of 

the total budget. For greater accuracy, it is more effective to analyze material costs separately during the 

optimization process.[9]. The major factors contributing to increased weight include overdesign, customer 

requirements, casting feasibility, and operating conditions. Design optimization techniques aims at achieving a 

robust design that satisfies product weight and the fatigue life requirements. It considers manufacturing constraints 

such as casting wall thickness, draft allowances, and metal flow radius under starter operating conditions.[10] 

The findings from Paper [2] indicate that an optimized design of the pump volute casing was achieved, 

focusing on critical structural regions. In Paper [3], finite element-based software was employed to successfully 

analyze the impact of thickness on the mechanical properties of centrifugal pump casing designs, highlighting 

casing thickness as a pivotal design parameter affecting structural integrity. Paper [7] conducted fatigue life 

analyses on three enhanced pump structures under actual operating conditions, concluding that structural design 

flaws contribute to fatigue cracking in the pump head body. According to Paper [8], the maximum equivalent 

stress in the pump body structure occurs at the tongue, measuring 36.843 MPa with a 6 mm grid cell size. The 

study notes that reducing grid cell size increases both the maximum equivalent stress and the number of units, 

while an appropriately selected wall thickness can save material and meet structural performance requirements.  

According to [11], the higher stress values in the existing pump casing are localized and occur mainly at 

junction regions. By increasing the thickness at these critical points and reducing it elsewhere, the overall stress 

levels can be maintained below the allowable stress intensity, resulting in material savings. Paper [12] emphasized 

the need for a systematic approach to pressure application, suggesting additional experimental work to monitor 

stress and strain variations using strain gauges for achieving an optimized pump casing design.it also suggest that 

to minimize the overall cost of the pump, it is essential to optimize the casting components. This optimization can 

be achieved through weight reduction without compromising the pump’s performance, made possible by modern 

simulation tools and advanced manufacturing processes. Study [14] focused on the design and structural 

evaluation of volute casings for liquid rocket turbopumps. Iterative 3D modelling and finite element analyses were 
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conducted, considering factors such as internal pressure, casing stiffness, and mounting forces while aiming for 

weight reduction. The casings were then manufactured through metal casting and validated via burst/hydro tests, 

where measured strains were compared with predicted results. 

While some studies explore transitioning from uniform to non-uniform wall thickness, there is limited 

research addressing the shift from non-uniform to uniform casing thickness for weight reduction. 

Pumps with variable wall thickness have their own drawbacks such as uneven weight distribution, 

chances of stress concentration, manufacturing difficult design, hard quality checks and material wastage etc. This 

results in longer product development cycle time. The optimized design structure of pump casing is also capable 

of meeting the structural performance requirements. Re-engineered design is verified with simulations/analysis. 

The correlation between analytical calculations & simulations is carried out. 

The existing pump casing belongs to a large-capacity sewage pump, originally designed many years ago 

with a high safety factor. So the lightweighting of the casing was necessary. This paper deals with the weight 

optimization of existing centrifugal pump casing by design re-engineering from non-uniform thickness casing to 

uniform thickness. The pump casing's thickness changes linearly with stress, while its displacement and strain 

show a polynomial relationship with each other [3]. An increase in the casing thickness at some critical regions 

whereas reduction in thickness at non-critical locations in the pump casing helps to maintain stress in all regions 

of pump casing lower than allowable stress intensity of the material [11]. This is possible with simulation tools 

and the latest manufacturing techniques [12]. A structural analysis needs to be carried out for the fluid pressure to 

evaluate the stress distribution and deformation of the casing also the analysis and simulation is helpful for casing 

optimization [13][14]. With the help of finite element analysis, we identify the stress location and verify that 

maximum equivalent stress is lower than or equal yield strength/ultimate tensile strength of material, if yes then 

casing design is reliable [15] [16]. In this analysis, the pump housing is treated as a rigid structure with fixed 

boundary constraints [17]. To find circumferential stress, thin cylinder concept can be used, if its wall thickness 

is less than one-tenth to one-fifteenth of its diameter it is called thin cylinder [18,19,20]. To ensure that the pump 

can withstand the load factor of safety should be calculated and should be greater than or equal to Target factor 

of safety. It can be evaluated with the help of Ultimate tensile strength and design or maximum stress and is 

defined as the ratio between the load required to cause failure and the maximum load expected during actual use 

[10] The Factor of safety helps in reducing safety hazards [21,22]. 

The culmination of this research was the finalized 3D CAD model, which successfully met all required 

weight, stress criteria, and factor of safety standards. The foundational objectives guiding this study were 

multifaceted. Initially, the research focused on conducting an FEA simulation of the existing pump casing design 

to thoroughly examine the overall stress distribution and determine its factor of safety (FOS). This simulation's 

results were then correlated with an analytical method to validate the existing design's performance. The study 

then proceeded to an optimization phase, implementing iterations on the existing design, primarily by reducing 

and making the casing thickness uniform. A core objective was to systematically study the stress distribution in 

these various design iterations and evaluate their factor of safety. Ultimately, the goal was to select the optimum 

design iteration based on several key criteria: ensuring the target stress level remained below the Ultimate Tensile 

Strength (UTS) value of 250 MPa specified for the material EN-GJL-250; achieving a final design factor of safety 

(FOS) that met or exceeded the target value of 1.5 realizing a target weight reduction of greater than 5% with 

uniform thickness and ensuring the manufacturing friendly final design.  

2. Optimization Problem and Methodology 

2.1 Optimization Problem 

The optimization problem as formulated in Table 1 
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Table 1: Parameters of optimization problem formulation 

Parameter Description 

Objective Function 
Minimize the total weight of the pump casing by at least 5% compared to the 

existing design. 

Design Variables  Casing Thickness 

Constraints 

Maximum stress should be below ultimate tensile strength (UTS) of material. 

Factor of Safety (FOS) ≥ 1.5 

Manufacturing constraints: Minimum wall thickness ≥ 50 mm, ensuring uniform 

wall thickness and castability. 

Geometry and assembly interfaces must remain compatible with the existing 

pump layout. 

 

Based on problem definition, pump casing weight reduction achieved by varying design variable (casing 

thickness). Accordingly, a series Simulation/Analysis iterations performed to evaluate the effect of thickness 

variation on stress, strain, deformation, and overall weight. Design iteration meeting all the constraints mentioned 

above is finalized as optimum design.  

2.2 Methodology 

As mentioned, this study focuses on the weight optimization of existing pump casing with non-uniform 

thickness using CAD & simulation/analysis tools such as Altair SimSolid and Abaqus.  

To achieve this objective, the methodology illustrated in Figure 1 has been adopted. The flowchart 

provides an overview of the process followed for finalizing the modified design. 

 

Figure 1: Methodology Flow chart 
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To optimize weight, uniform thickness applied to casing. The CAD and simulations were performed on 

the casing. The CAD model modified as per the results obtained by simulation. The simulations carried until the 

target stress & weight is achieved. Refer Table 2 for Casing thickness and software tools used during iteration 

process. 

Table 2: Casing thickness and software used during iteration process. 

Pump Casing Casing Thickness 
Thickness 

Uniformity 
CAD software Analysis Software 

Existing Design 35mm to 70mm Non-uniform Unigraphics NX Altair SimSolid 

Modified Design-

I 
65mm Uniform Unigraphics NX Altair SimSolid 

Modified Design-

II 
53mm Uniform Unigraphics NX 

Altair SimSolid, Altair 

HyperMesh (For 

Meshing) and Abaqus 

 

To optimize the centrifugal pump, structural analysis was performed. A 3D CAD model of the pump 

body was developed, followed by simulation and analysis also it serves as a theoretical foundation for the 

optimization design of the centrifugal pump body. [8]. In practice, testing every casing during regular production 

is not feasible; therefore, an alternative approach is necessary to evaluate the reliability of the casing. Here enters 

Finite Element Analysis and simulation approach [12].  

The analysis helps identify regions susceptible to fatigue failure, enabling more effective design 

improvements and maintenance planning to extend the component’s service life, also the analysis and simulation 

results act as essential inputs for the design and modelling process. [23]. For this purpose, Altair SimSolid and 

Abaqus software tools were utilized.  

 Computer Aided Design (CAD) and Computer Aided Engineering (CAE) are intrinsic parts of modern 

engineering. CAE simulation tools are extremely important because they allow for performance validation and 

optimization of a product design before the product is physically created. Today this is typically done using 

software based on Finite Element Analysis (FEA) [27]  

SimSolid is a fast, meshless simulation tool that allows engineers to analyze multiple design optimization 

iterations and gain insights into stress distribution in a quicker manner which reduces significant design iteration 

life. It is employed to perform comprehensive finite element analysis (FEA) of the component’s structural 

behavior [24][25]. In short SimSolid is a structural analysis software developed specifically for upfront 

assessment. It eliminates geometry simplifications and meshing, the two most time consuming and expertise 

extensive tasks done in traditional FEA [26]. 

Modern FEM tools such as ANSYS and ABAQUS support coupled mechanical, thermal, and fluid 

simulations, enabling engineers to assess strength, vibration, cavitation, wear, and noise. These tools help visualize 

stress and deformation, identify failure-prone areas early, and facilitate design improvements that lead to cost 

savings, enhanced performance, and improved safety [27]. 

Casing material EN-GJL-250 is used for all the design iterations. Its mechanical properties are 

summarized as in Table 3. 
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Table 3: Material properties of pump casing 

Material Young’s Modulus Poisson’s Ratio Density 
Ultimate tensile 

strength (UTS) 

EN-GJL-250 115000 MPa 0.26 7.2 E-9 ton/mm3 250 MPa 

Simulations for all three designs were performed by applying boundary conditions and a required internal 

pressure of 0.6 Mpa on the pump casing surface. According to the available pump standards IS:5120, the 

hydrostatic test pressure is specified as 1.5 times the maximum allowable working pressure [12][28]. Since the 

pump’s operating pressure is 0.4 MPa, the corresponding hydrostatic test pressure will be 0.4 × 1.5 = 0.6 MPa. 

Casing foot faces fixed to restrict its movement, and the entire casing is sealed with blind flanges by creating the 

required connections to carry out the pressure test simulation referring Figure. 2. Accordingly, results analysis 

carried out. 

 
Figure 2: a. Pressure applied; b. Connections created between parts; c. Foot faces fixed in Altair SimSolid 

With modified design Iteration-II expected results were achieved in Altair SimSolid. As Altair SimSolid 

tool works on Rapid and meshless technology, hence before design finalization results has to be verified with 

conventional established FEA tools like Abaqus. Accordingly modified design iteration-II detail analysis carried 

out with Abaqus solver whereas meshing caried out using Altair HyperMesh tool. Casing geometry is meshed 

with higher order tetrahedron element [12]. Critical areas are meshed with fine elements whereas remaining areas 

are meshed with 20 mm mesh size as shown in Figure. 3. Appropriate loads and constraints are applied on the 

casing as per test conditions requirements. 

 

Figure 3:  Mesh model of pump casing in Altair HyperMesh. 

After solving model in FEA using Abaqus, post-processing is carried out to check stress and results. 

Based on stress levels observed in FEA model, factor of safety evaluated for modified design -II.  
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For pump casing existing design, stress results correlation between Altair SimSolid and analytical 

method carried out. In the analytical method, stresses are evaluated based on thin cylinder theory at lowest and 

highest casing thickness regions and those stress values compared with Altair SimSolid results at respective 

locations.  

This study also includes an investigation of the effect of thickness variation on stress distribution. To 

achieve this, the stress experienced at a range of thicknesses was precisely calculated using an analytical approach 

with the help of thin cylinder concept. 

 

3. Results and Discussion 

 

3.1 Thickness-Stress Relationship 

To evaluate stress at various thickness, the concept of thin cylinder can be used, a cylinder is said to be 

a thin cylinder when cylinder it has smaller wall thickness as compared to its inner diameter. If the wall thickness 

(t) is less than one-tenth of the shell diameter (d), the vessel is classified as a thin shell or cylinder. Conversely, 

when the wall thickness exceeds one-tenth of the diameter, it is referred to as a thick shell or cylinder [16][18]. 

Consider Circumferential/ Hoops stress from thin cylinder theory.  

Assumptions: 

• Material is Isotropic and homogeneous [19] 

• Applied Pressure is uniform through the casing [19] 

Where: 

σc: Circumferential/ Hoops stress 

p: Pressure (MPa) 

d: Internal diameter of Volute (mm) 

t: Thickness of Casing (mm) 

In existing pump casing “d” is 2645mm and maximum thickness of casing “t” is 70mm.  

Now 

1 

10
×  𝑑 =  

1 

10
×  2645 = 264.5𝑚𝑚   (1) 

𝑡 = 70𝑚𝑚 (𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠) < 264.5mm  

Which means, 

𝑡 <
1 

10
×  𝑑   (2) 

Hence, the casing can reasonably be treated as a thin-walled cylindrical structure, as its wall thickness is relatively 

small compared to its overall diameter. This assumption allows the application of thin-cylinder theory for 

analytical stress estimation, simplifying the analysis while still providing sufficiently accurate results for design 

evaluation. 

Now for example: Consider Circumferential/ Hoops stress at 35mm thickness: 

Where, 

p: 0.6 MPa (6 bar) 

d: 2645mm 
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t: 35mm 

Equation for Circumferential/ Hoops stress is as below [16]: 

𝜎𝑐 =
𝑝 × 𝑑

2𝑡
   (3) 

𝜎𝑐 =
0.6 × 2645

2×35
    (4) 

𝜎𝑐 =
0.6 × 2645

2×35
   (5) 

𝜎𝑐 = 22.67 𝑀𝑝𝑎 = 22.7 𝑀𝑃𝑎   (6) 

Using the Equation-3 stress for various thickness calculated considering d as 2645mm with graph (refer 

below Table 4 and Figure 4). The stress is calculated at various thickness ranging from 35mm to 70mm. 

Table 4: Stress by analytical method at various thickness 

Thickness 
Stress by Analytical 

Method 

35 22.7 

40 19.8 

45 17.6 

50 15.9 

55 14.4 

60 13.2 

65 12.2 

70 11.3 

 

 

Figure 4: Casing Thickness Vs Stress by Analytical Method 

The data illustrates the relationship between component thickness and the resulting stress as calculated 

by an analytical method. As shown in Table 4 and represented graphically in Figure 4, stress decreases consistently 

with an increase in thickness. At a thickness of 35 mm, the stress is calculated to be 22.7 MPa while at 70 mm, it 

reduces to 11.3 MPa. This inverse relationship suggests that regulating the material thickness enhances its ability 

to withstand applied loads, thereby reaching the required stress value.  
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Therefore, for existing casing design while achieving weight reduction, maintaining uniform thickness 

or reducing the wall thickness can both be effective, as long as the resulting stress remains below the ultimate 

tensile strength (UTS).  

 

3.2 Results correlation between Simulation and analytical calculation 

After performing the existing casing simulation using Altair SimSolid, post-processing was conducted 

to evaluate the stress at lowest (35 mm) and highest (70 mm) thickness regions of the pump casing, as illustrated 

in Figure 5. The corresponding stress values calculated using the analytical method for the lowest and highest 

thicknesses are presented in Table 5. 

 

Figure 5: Stress at lowest (a) and highest (b) thickness of pump casing in Altair SimSolid 

To correlate the above stress results with the analytical method, both the Altair SimSolid-simulated and 

analytically calculated stress values must be compared. Stress by analytical method calculated by equation 3. 

Table 5: Stress comparison by analytical method and Altair SimSolid 

Casing Thickness (t) Stress by Analytical Method Stress by Altair SimSolid 

35mm (Lowest) 22.7 MPa 22.2 MPa 

70mm (Highest) 11.3 MPa 12.5 MPa 

 

 
Figure 6: Stress values at thickness 

From above Table 5 and graphical representation in Figure 6 it is observed that stress evaluated based on 

Altair SimSolid analysis match very well with analytical calculations.  
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3.3 Simulation / Analysis Summary. 

 
Figure 7: Maximum Stress at Pump Casing with Altair SimSolid in (a) Existing design,           (b) Modified 

Design-I and (c) Modified Design-II 

Figure 7 Shows the maximum stress using Altair Simulation at pump casing in existing design, modified 

Design I & II. Here we can see that stress increases as we reduce the thickness. 

 
Figure 8 Maximum Stress in Modified Design-II with (a) Altair SimSolid and with (b)Abaqus 

Figure 8 Shows the maximum stress in Modified Design II using both Altair Simulation and Abaqus. 

The stress obtained from the Altair simulation is 177, while that from Abaqus is 172. This variation arises due to 

a maximum discrepancy of 4.2% between the target and Altair SimSolid solutions. Despite the benchmarks being 

intentionally simple, the correlation remains remarkably good, especially considering that the time-consuming 

meshing process has been eliminated.[26] 
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Figure 9: (a) Deformation and (b) Maximum Principal Strain in Modified design II using Abaqus 

Figure 9 Shows the Deformation and Maximum Principal Strain in Modified design II using Abaqus. 

Overall maximum deformation in pump housing is 3.07 mm which is small compared to pump size and maximum 

principal strain (0.16%) are percentage elongation of material at break 0.8 %. 

Existing pump casing thickness consists of variable thickness. To perform weight optimization of this 

casing, several design modifications and simulations were conducted with different thickness.  

During hydrotest, it is expected that, maximum stress generated in the casing should be less than ultimate 

tensile strength (UTS) (250 MPa) of material. Factor of safety is ratio of ultimate tensile strength to Maximum 

stress [16].  This shows that we need to maintain stress levels in the pump casing below UTS of material.  It means 

factor of safety should be ≥ 1. However, by considering risks due to casting defects, fatigue etc. factor of safety 

maintained about 1.5. 

All these results are based on the maximum principal stress theory. As per Table 3, casing material EN-

GJL-250 with ultimate tensile strength (UTS) of 250MPa considered for all the iterations. Whereas overall 

simulation/analysis results are summarized below in Table 6. 

Table 6: Simulation/Analysis Results Summary 

Simulation 

Casing 

Weights 

(kg) 

Analysis 

Tool Used 

Casing 

Thickness 

(mm) 

Pressure 

Applied (bar) 

Max. Stress 

in Simulation 

(MPa) 

Factor of Safety 

(UTS/Max. 

Stress) 

Existing 

design 
9648 

Altair 

SimSolid 
35 to 70 

6  

(0.6 Mpa) 
119.5 2.1 

Modified 

design-I 
10285 

Altair 

SimSolid 
65 

6  

(0.6 Mpa) 
156 1.6 
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Modified 

design-II 
9061 

Altair 

SimSolid 
53 

6  

(0.6 Mpa) 
177 1.4 

Abaqus 53 
6  

(0.6 Mpa) 
172 1.5 

 

 
Figure 10: Casing thickness Vs Stress distribution 

 

 
Figure 11: Casing design iterations Vs Factor of safety (FOS) 
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From the above Table 6 and graphical representation in Figure 10 and Figure 11 following are the 

observations:  

• Factor of safety in existing casing design is 2.1, which indicates optimization feasibility.  

• Modified Design-I is heavier than the existing design because it has a consistent wall thickness of 65 

mm, whereas the existing design has a varying wall thickness ranging from 35 mm to 70 mm. 

• The existing casing has a variable wall thickness ranging from 35 mm to 70 mm. When a uniform wall 

thickness of 65 mm is applied, the regions with lower thickness (35–60 mm) are increased to 65 mm, 

resulting in an overall increase in the casing’s weight. 

• Modified Design II, with a wall thickness of 53 mm, results in a 6% reduction in weight compared to the 

current casing design (refer below Table 7 and chart in Figure 12). The weight difference shows that 

587kg of material is saved, which lowers material procurement & manufacturing cost. The longer 

production cycle times and material costs are found to have the greatest influence on the production cost 

[29]. The greater the weight reduction, the lower the material required during manufacture.[30]. This 

ultimately improves the cost-efficiency of the design.  

Table 7: Pump Casing Weight Comparison 

Pump Casing Weight 

Weight Difference Percentage Difference 

Existing Design Modified Design-II 

9648 kg 9061 kg 587 kg 6 % 

 

 
Figure 12: Existing design and Modified design II Pump casing Weight 

• Pump casing’s maximum stress in analysis is less than ultimate tensile strength (UTS) of material (250 

MPa) for all iterations (refer Figure 10). 

• Altair SimSolid analysis shows that, factor of safety (FOS) in modified design-II is 1.4. 

• Abaqus analysis shows that, factor of safety (FOS) in modified design-II is 1.5. 

• Hence the factor of safety (FOS) of modified design-II is as per acceptance criteria (1.5) (refer Figure 

11). 
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Therefore, Modified Design-II, featuring a uniform wall thickness of 53 mm, has been chosen as the optimal 

design iteration. 

 

4. Conclusion 

 

The primary contributing factor of end suction centrifugal pump casing weight is wall thickness. The 

original casing design was developed years ago without the aid of simulation technology. This casing was heavier 

than required due to a conservative approach with a high safety margin and inconsistent/variable wall thicknesses. 

To optimize this, we analyzed the stress patterns in the existing casing and performed multiple design iterations 

to achieve a uniform wall thickness. Accordingly, a design iteration meeting the requirement of target weight, 

stress & factor of safety is selected. Simulations are carried out using Altair SimSolid and Abaqus tools.  

A uniform casing wall thickness ensures even weight distribution throughout the structure, which 

improves the balance and mechanical stability of the pump. It also enables simplified and more accurate quality 

inspection, since dimensional and thickness variations are minimized. Moreover, maintaining consistent wall 

thickness reduces the likelihood of localized stress concentrations, thereby enhancing the structural integrity of 

casing. 

The existing casing weight is 9648 kg, whereas the weight of redesigned casing (Modified Design-II) is 

9061 kg, resulting in a material reduction of about 587 kg. This saving of over half a metric ton (6%) of material 

is significant for the cost optimization of product. Such a reduction not only decreases overall manufacturing costs 

but also contributes to savings in raw material procurement, machining effort, and handling, ultimately improving 

the cost-efficiency of the design. Moreover, maintaining uniform casing thickness ensures even weight 

distribution, simplifies quality checks, and minimizes chances of stress concentrations, thereby enhancing 

structural reliability and extending service life of the pump. From a life-cycle perspective, the optimized design 

contributes to sustainability and cost efficiency by reducing raw material usage, minimizing manufacturing waste, 

and lowering the carbon footprint associated with casting, transportation, and operation. 

The experimental validation of pump casing is carried out at testing lab. During test 6 bar (0.6 Mpa) 

hydro pressure is applied on casing, and it was observed that there is no leakage or cracking on the casing structure. 

The hydrostatic pressure test was successfully completed, validating the FEA results and confirming a strong 

correlation between the actual test performance and the simulation outcomes. 

Altair SimSolid is a good option for design / CAD engineers for rapid design analysis to evaluate critical 

stress locations in the design stage itself. This will help to reduce the number of design iterations loop with FEA 

team & accelerate the design process. However, final design iteration validated by using conventional FEA tools 

like Abaqus. 
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