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ABSTRACT

Alternator rotor fans are essential components in automotive alternators, responsible for cooling and
maintaining operational efficiency. These fans operate at high rotational speeds and are subjected to severe
centrifugal stresses, cyclic fatigue, and vibration, which demand high material strength and durability.
Traditionally, CHSP380Y steel has been the preferred choice due to its superior tensile strength and fatigue
resistance. However, due to factors such as material availability and cost, CHSP340Y has emerged as a

possible alternative.

This project addresses the critical issue of premature failure in alternator rotor fans, primarily caused by
sustained high thermal, centrifugal, and vibratory stress within the engine environment. The objective is
to significantly enhance the fan's operational performance and reliability through targeted Design
changes and material grade substitution. The methodology involves an initial phase of advanced
simulation using Finite Element Analysis (FEA) and Material Properties comparison, Design Analysis
to compare the mechanical and thermal characteristics of the current material against a proposed high-
performance alternative. The project will then utilize Accelerated Life Testing to validate the theoretical

gains.

This project aims to evaluate the feasibility of using CHSP340Y in place of 1S513 CRCA (EDD) for
alternator rotor fan applications. The study involves material characterization, finite element analysis (FEA)
to simulate centrifugal and fatigue stresses, and design optimization to ensure safety and reliability.
Prototype manufacturing and experimental validation, including overspeed and vibration testing, will

further confirm performance.
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The outcome of this work is expected to provide a systematic comparison between 1S513 CRCA (EDD) and
CHSP340Y, identify potential design modifications required for CHSP340Y, and determine whether it can
serve as a cost-effective and reliable substitute without compromising performance and durability.

CHAPTER 1
INTRODUCTION

1.1 Worldwide Scenario

The automotive industry worldwide is continuously shifting towards lightweight, high-efficiency, and cost-
effective designs to improve vehicle performance and reduce emissions. Alternators, being key components
of vehicle electrical systems, are under constant development to achieve higher efficiency and reliability at
lower production cost.

Rotor fans in alternators are critical for maintaining thermal balance and preventing overheating during
high-speed operation. Globally, manufacturers are focusing on improving material strength, fatigue life,
and corrosion resistance while reducing weight and cost. Advanced material substitution, such as
replacing high-grade steels with lower-cost yet optimized grades (e.g., CHSP340Y instead of 1S513 CRCA-
EDD), has become a key area of research and development.

1.2 Scenario in India

In India, the automotive sector is rapidly evolving with increasing demand for high-efficiency, cost-
effective, and durable alternator systems, especially in passenger and commercial vehicles. Indian OEMs
and component manufacturers are under pressure to balance performance, cost, and localization in line with
“Make in India” and Atmanirbhar Bharat initiatives.

Alternator rotor fans, being a critical component for cooling and overall alternator performance, are still
majorly manufactured using conventional materials such as CHSP380Y or equivalent high-tensile steels.
However, due to cost constraints, limited availability, and import dependence of higher-grade steel sheets,
industries are exploring alternative material options like CHSP340Y.

1.3 Scope of Project in broad sense

Material Reliability: Alternator rotor fans operate under high centrifugal stresses and fatigue loads,
requiring materials with proven strength and durability.

Cost & Availability Concerns: CHSP380Y is standard, but supply chain limitations and higher costs create
the need to explore alternatives like CHSP340Y.

Knowledge Gap: Limited research exists on the feasibility of using CHSP340Y as a replacement for
CHSP380Y in high-speed rotor applications.

Design Optimization Requirement: If CHSP340Y is to be adopted, design modifications and optimization
must be studied to ensure safe operation.

Industrial Relevance: Successful validation can lead to material flexibility, potential cost savings, and
wider applicability in automotive alternator manufacturing.
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1.4 Purpose of Study

The reliability of automotive alternators is highly dependent on the performance of rotor fans, which operate
under extreme mechanical stresses. During the literature survey, it was observed that most studies emphasize
design improvements, vibration control, and fatigue analysis, but very limited work has been carried out
on material substitution and optimization.

Since CHSP380Y is the conventional choice, exploring the feasibility of CHSP340Y provides an
opportunity to contribute original research in this area. This project is motivated by the potential to:

1.Address an industrial challenge of material availability and cost reduction.
2.Contribute to the knowledge gap in evaluating lower-grade materials for high-speed rotating components.

3.Apply advanced tools such as Finite Element Analysis (FEA) and experimental validation for a real-
world engineering problem.

CHAPTER 2

Literature Survey & Review

2.1 Technical Paper Refer

Paper 1: Wear, Fatigue & Component Lifespan

This paper investigates the relationship between wear, fatigue, and component lifespan in rotating
machinery. The authors conducted fatigue tests on steel samples under controlled cyclic loading to
understand crack initiation and growth patterns. Results showed that wear accelerates the fatigue crack
initiation process, reducing overall service life. The study emphasizes that materials with higher tensile
strength and fatigue resistance significantly delay crack propagation, thereby increasing the operational life
of critical rotating parts. For alternator rotor fans, which experience constant cyclic loading at high rotational
speeds, the insights from this paper underline the importance of using materials that can resist fatigue while
maintaining structural integrity over prolonged operation.

Paper 2: Fatigue Analysis Techniques & Modeling

This work focuses on modern fatigue life prediction methods by integrating Finite Element Analysis (FEA)
with conventional strain-life and stress-life models. The study applies numerical simulations to predict
fatigue damage under variable amplitude loading conditions, which closely represent real-world operational
stresses. By validating simulation results with experimental fatigue data, the authors highlight that FEA-
based approaches provide a reliable method for fatigue life estimation. The paper concludes that a
combination of computational modeling and experimental validation is essential for accurate fatigue
assessment. For this project, the findings support the use of ANSYS or SolidWorks simulation tools to
model the performance of CHSP340Y and CHSP380Y materials under centrifugal stresses.

Paper 3: Corrosion Fatigue Effects

This paper discusses the synergistic effects of corrosion and cyclic stresses on the fatigue life of steels.
Fatigue specimens were tested in environments simulating salt spray and high humidity, which accelerated
crack initiation and growth. The results confirmed that corrosion reduces fatigue strength by weakening the

JRTI2606088 International Journal for Research Trends and Innovation (www.ijrti.org)



http://www.ijrti.org/

© 2026 IJRTI | Volume 11, Issue 6 June 2026 | ISSN: 2456-3315

protective oxide layer and facilitating crack propagation. The study stresses the need for selecting materials
with good resistance to corrosion fatigue for applications exposed to harsh environments. For alternator
rotor fans, this work is relevant because although the operating environment is not as severe as marine or
industrial conditions, exposure to moisture, dust, and temperature variations could still contribute to early
fatigue damage, especially if a lower-grade material such as CHSP340Y is used.

Paper 4: Structural Optimization in Alternator Manufacturing

This study focuses on structural and geometric optimization of alternator rotor fans to improve performance
and durability. Using CAD modeling and Finite Element Analysis (FEA), the authors evaluated stress
distribution across different fan geometries and identified areas with high stress concentration. Optimization
techniques were then applied to modify blade shapes, resulting in reduced peak stresses and improved
fatigue life. The findings confirm that design improvements can compensate for certain material limitations
by distributing stresses more evenly across the component. For the current project, this work provides a
strong foundation for exploring design optimization of rotor fans manufactured from CHSP340Y, ensuring
that despite lower tensile strength compared to CHSP380Y, performance and safety requirements can still
be met.

2.2 Gap ldentified
1. Most existing research focuses on design optimization, fatigue modeling, or environmental effects.
2. Very few studies specifically address material substitution in alternator rotor fans.

3. There is a research gap in evaluating whether CHSP340Y can safely replace CHSP380Y without
compromising fatigue resistance, durability, or structural reliability.

2.3 Possible Contribution

The literature survey confirms that fatigue life, wear resistance, and structural integrity are critical factors
in alternator rotor fan design. While significant progress has been made in fatigue modeling, corrosion
studies, and structural optimization, the role of material grade in fan performance remains underexplored.
This project, therefore, bridges that gap by investigating the feasibility of CHSP340Y as an alternative to
CHSP380Y, supported by simulation, design optimization, and experimental validation.

2.4 Problem Definition

Although CHSP380Y is widely accepted for rotor fan manufacturing, its dependency on specific supply
chains and higher cost raises the need for alternatives. CHSP340Y, being similar but slightly lower in
strength, may be a potential substitute.

The problem arises because:

1.CHSP340Y has reduced mechanical strength compared to CHSP380Y.
2. The ability of CHSP340Y to withstand high-speed rotation, cyclic fatigue, and vibration stresses in
alternator rotor fans is not well established.

3. Internal cooling fans get broken due cracks in fans of alternator rotors assembly due to inadequate material
strength and high stress concentration in raw material CRCA Gr. EDD blade design. Although CHSP380Y
is a higher-grade steel, it exhibited lower actual tensile strength and fatigue resistance compared to
CHSP340Y.
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4. Literature shows limited studies on material substitution for alternator rotor fans, with most research
focusing on design or vibration optimization rather than material-grade feasibility.

Thus, there exists a knowledge gap in evaluating whether CHSP340Y can safely replace CHSP380Y
without compromising performance, safety, and durability.

Rotor Shaft

Finger Poles

Slip Ring

Bearing Internal Cooling Fans

Fig 2. Rotor Cooling Fan broken due to cracks
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CHAPTER 3

METHODOLOGY
3.1 Introduction
The material study is the first and fundamental stage of this project. The objective of this step is to evaluate
and compare the mechanical, chemical, and metallurgical properties of CHSP340Y and CHSP380Y
steel grades.
Since alternator rotor fans operate under high rotational speeds and centrifugal stresses, it is essential to

confirm that the alternative material (CHSP340Y) possesses adequate strength, ductility, and fatigue
resistance comparable to CHSP380Y.

3.2 Process Flow Chart

Step 1 Material Study
A 4

Step 2 FEA Simulation
4

Step 3 Design Optimization

Step 4 Manufacturing Trials
4

Fig 3. Process Flow Chart
3.2.1 Material Study

The main objective of this study is to evaluate whether CHSP340Y can be a feasible alternative to
CHSP380Y without compromising mechanical performance. To achieve this, both materials will be tested
and analyzed for their mechanical, chemical, and metallurgical characteristics. The study involves
examining tensile strength, yield strength, hardness, elongation, and fatigue resistance to assess
structural integrity. Additionally, chemical composition and microstructure analysis will be performed
to understand the influence of alloying elements and grain structure on mechanical behavior.
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3.2.1.1 Experimental Procedure

Step Activity Description

Sheet samples of CHSP340Y, CHSP380Y and CRCA Gr.
EDD will be cut to standard dimensions as per ASTM
standards. Surface finishing will be done to remove any
burrs.

1 Sample Preparation

Conducted using a Universal Testing Machine (UTM) or as
2 Tensile Test pet 1S1608 to determine yield strength, tensile strength, and
elongation percentage.

Measure surface hardness using the Vickers or Rockwell

3 Hardness Test . . .
method at multiple points to ensure consistency.

Verify material composition through Spectrometer or
4 Chemical Composition Optical Emission Analysis (OES) to confirm carbon,
manganese, and silicon content.

Use optical microscopy or SEM after proper etching to

5 Microstructure Analysis . . . : . .
y study grain structure, ferrite-pearlite ratio, and uniformity.
5 Data Collection and Tabulate results and compare both materials with standard
Comparison reference values and with each other.

Table 1. Material Test details

Fig 4. Rotor Fan Samples
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3.2.1.2 Material Comparison

Make material comparison with three different Raw Materials CHSP340Y, CHSP380Y & CRCA Gr.
EDD to evaluate and compare the material Chemical & Mechanical properties.

Material CHSP380Y CHSP380Y (POSCO) CHSP340Y (POSCO)

Thickness of sheet 1.2+0.06mm 1.2+0.06mm 1.2+0.06mm

Chemical Composition

Carbon (C) Max 0.1 0.0819 0.0751
Manganese (Mn) Max. 1.0 1.075 0.893
Silicon (Si) Max 0.5 0.206 0.158
Phosphorus (P) Max 0.03 0.0189 0.0188
Sulphur (S) Max 0.03 0.0038 0.0046

Mechanical Properties

Tensile strength (N/mm~2) Min 460 522 475
Yield strength(N/mm~2) Min 380 430 405
Elongation (%) Min 18 27 31

Table 2. Comparison of CHSP340Y and CHSP380Y

Material CRCA Gr. EDD CRCA Gr. EDD

Thickness of sheet 1.2+0.06mm 1.2+0.06mm

Chemical Composition

Carbon (C) Max 0.08 0.023
Manganese (Mn) Max 0.4 0.178
Silicon (Si)

Phosphorus (P) Max 0.03 0.016
Sulphur (S) Max 0.03 0.0056

Mechanical Properties

Tensile strength (N/mm”2) 270-350 3333
Yield strength(N/mm”2) Max 220 206.7
Elongation (%) Min 32 47

Table 3. Comparison of CRCA Gr.EDD
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3.2.1.3 Material Comparison Conclusion

Chemical Composition Comparison Observations:

CHSP grades contain higher C and Mn, which increase strength but reduce formability compared to CRCA
EDD. CRCA has a very low carbon percentage, giving it excellent ductility and deep drawability.

Mechanical Properties Comparison Observations:

1.CRCA EDD is softer and more ductile, suitable for deep-drawn or low-stress components.
2.CHSP380Y and CHSP340Y are high-strength materials, better suited for structural and rotating
applications where high stress and fatigue are dominant factors.

Final Conclusion:

From the comparative study:

e CRCA Grade EDD exhibits excellent ductility and formability but lacks the mechanical strength needed
to withstand high rotational stresses in alternator rotor fans. Its low yield and tensile strength make it
unsuitable for components exposed to centrifugal and vibrational loads.

e CHSP380Y provides the highest tensile and yield strength, ensuring structural safety and fatigue
resistance during high-speed operation. However, it may involve higher material cost and slightly reduced
formability.

e CHSP340Y offers a balanced performance, with adequate strength and better elongation compared to
CHSP380Y, making it a potential cost-effective alternative for rotor fan applications, provided that the
design IS optimized and validated through FEA and testing.

Hence, CHSP340Y can be considered a feasible substitute for CHSP380Y in alternator rotor fans after
confirming its structural reliability through simulation and prototype validation.

3.2.2 FEA Simulation

3.2.2.1 Introduction

Finite Element Analysis (FEA) is an essential tool in engineering design that helps predict the mechanical
performance of components under various loading conditions before physical testing.

In this project, FEA simulation is conducted to evaluate and compare the structural integrity and fatigue
life of alternator rotor fans made from CHSP380Y and CHSP340Y materials. The primary objective is to
ensure that the alternate material (CHSP340Y) provides acceptable performance in terms of stress,
deformation, vibration, and fatigue life under actual operating conditions.

3.2.2.2 Objectives of FEA
The key objectives of this analysis are:

e To perform static structural analysis and determine the maximum stress, deformation, and safety factor
under centrifugal loading at rated and overspeed conditions.

e To conduct modal analysis to identify the natural frequencies and ensure that the operating speed range
does not coincide with resonance frequencies.
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e To perform fatigue life estimation based on S—N data and mean stress correction, validating the
material’s suitability for long-term cyclic operation.

e To provide inputs for design optimization and prototype validation for CHSP340Y -based alternator rotor
fans.

3.2.2.3 Methodology
The simulation methodology follows a structured approach consisting of the following steps:

1.3D Model Preparation:
The 3D CAD model of the alternator rotor fan is prepared using SolidWorks. Unnecessary small features
are removed to simplify the mesh, while critical areas such as fillet radii and bolt holes are retained.

2.Meshing:

The model is imported into ANSYS Workbench for discretization. A fine mesh is applied at high-stress
regions like the blade root and bolt holes. The element type used is a quadratic tetrahedral element, and
mesh convergence is ensured by refining the mesh until the variation in peak stress is below 5%.

3. Material Properties:
The material data used in simulation are derived from the material study:

Property CHSP380Y (POSCO) CHSP340Y (POSCO)
Yield Strength (MPa) 430 405
Tensile Strength (MPa) 522 475
Elongation (%) 27 31
Young’s Modulus (GPa) 210 210
Poisson’s Ratio 0.3 0.3
Density (kg/m?3) 7850 7850

Table 4. Comparison of Material Properties

Both materials are modeled as linear elastic, isotropic, with fatigue data applied in the post-processing
phase.

4.Boundary Conditions and Loading:
o The fan hub is constrained at the bore to simulate fixation on the alternator shaft.

o Centrifugal loading is applied using rotational velocity corresponding to the alternator’s rated operating
speed and overspeed conditions.

o Simulations are performed at 12,000 RPM (rated) and 18,000 RPM (overspeed).
5.Analysis Type:

o Static Structural Analysis: Determines maximum von-Mises stress, deformation, and factor of safety.
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o Modal Analysis: Identifies natural frequencies and corresponding mode shapes to prevent resonance.

o Fatigue Analysis: Predicts fatigue life using S—N curves and Goodman’s mean stress correction model.

6.FEA Results Comparison

a) Stress Distribution (Von-Mises Stress)

« CRCA EDD:

o High stress concentration at blade root and hub region

o Stress values approach or exceed yield strength at high speed
o Higher risk of crack initiation

o CHSP340Y:

o More uniform stress distribution

o Peak stress remains well below yield limit

o Improved load carrying capability

Conclusion: CHSP340Y shows significantly better stress resistance.
b) Deformation (Displacement)

« CRCA EDD:

o Higher deformation due to lower strength

o Blade bending observed at high RPM

o Risk of imbalance and vibration

o CHSP340Y:

o Lower deformation (better stiffness)

o Stable structure even at overspeed conditions

Conclusion: CHSP340Y provides improved structural rigidity.

3.2.2.4 Simulation Results and Discussion

1.Static Structural Results:

o For CHSP380Y, maximum stress occurs at the blade root region but remains below the yield limit at
both rated and overspeed conditions.

o For CHSP340Y, the stress distribution pattern is similar, with slightly higher stress values due to lower
yield strength. However, the safety factor remains within acceptable limits (>1.5).

2.Deformation:
Both materials show minimal deformation, indicating sufficient rigidity and dimensional stability during
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high-speed rotation.
3.Modal Analysis Results:
o The first few natural frequencies are well above the operating range of the alternator.
o This ensures no resonance condition under normal operating or overspeed conditions.

4.Fatigue Life Prediction:

Using the S—N data and stress amplitude from the simulation, the fatigue life for CHSP340Y is slightly
lower than CHSP380Y but still exceeds the target life requirement (>10° cycles).

Hence, CHSP340Y is feasible for applications with minor design optimization.

3.2.2.4 Simulation Results and Discussion

The simulation results confirm that CHSP340Y can safely replace 1S513 CRCA EDD Grade for
alternator rotor fan applications with minor geometric optimization if necessary.

Both static and modal analyses show acceptable stress, deformation, and vibration characteristics.

Fatigue analysis indicates that CHSP340Y offers a comparable fatigue life margin for standard operational
speeds.

Thus, the material substitution is technically viable and can lead to potential cost savings and material
efficiency without compromising safety or performance.

CHAPTER 4
Tools/ Platform

4.1 Introduction

During the development of the optimized alternator rotor fan, the design was modified from a single flat fan
to a dual-layer fan with a 90° chamfer to enhance structural rigidity and reduce stress concentration under
high rotational speed.

This change in geometry required a corresponding modification in the manufacturing tooling — particularly
in the press die, punch configuration, and fixture setup — to accurately form and assemble the redesigned
component without compromising dimensional precision or material properties.

4.2 Existing Tool Setup

Initially, the existing stamping die and forming tool were designed for a single-piece CHSP380Y fan
with standard curvature and fixed outer diameter.

The die cavity was developed to form a flat-blade profile with moderate curvature and no angular bending.
This setup was optimized for CHSP380Y’s higher tensile strength and was not compatible with the new
design that introduced:

Increased blade thickness at joint section,

Chamfered angle of 90° for stiffness, and
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To accommodate the new CHSP340Y fan geometry, the following tool modifications were implemented:

Area of Tooling

Original Design

Modification
Implemented

Purpose / Benefit

Die Profile

Flat curvature forming
surface

Modified to include 90°
angular chamfer cavity

Allows precision forming of
chamfer without material crack
or thinning

Punch Geometry

Straight punch with
uniform depth

Reprofiled punch nose to

support dual-blade alignment
and avoid overlap distortion

Maintains dimensional accuracy
in both fan layers

Guide Plate & Locating
Pins

Single-layer alignment

Modified with dual-index
locating system

Ensures accurate positioning of
both fans before riveting

Blank Holder Pressure

Fixed (for 380Y

Adjusted pressure levels for

CHSP340Y (lower yield

Prevents wrinkling or tearing

stiffness) during forming

strength)

Modified with extended slot
and dual clamp design

Single fan clamping
setup

Allows simultaneous clamping

Fixture & Riveting Ji
xture Veting J1d of both upper and lower fans

Updated to measure chamfer
depth, layer gap, and overall
alignment

Standard diameter and
blade angle

Ensures quality consistency of

Inspection Gauge .
p 9 redesigned component

Table 5. Tool Modification

4.4 CAD Update for Tooling
Using AutoCAD and SolidWorks, the die and punch assemblies were digitally modified before machining.

e The CAD model incorporated the 90° chamfer geometry directly linked with the fan blade’s outer radius.

e Interference checks were performed to ensure that the new die profile did not create stress points or sharp
transitions that could induce cracks.

e The tool design was verified through simulation-based forming analysis in ANSYS Explicit Dynamics to
predict material flow and spring-back effect.

e Based on results, the fillet radius and clearance between die and punch were fine-tuned to achieve uniform
thickness throughout the chamfered section.

4.5 Manufacturing Trial Observations

After implementing the tool modifications, stamping trials were conducted using CHSP340Y material
sheets under controlled press parameters.

Key findings included:

e The modified die achieved consistent 90° chamfer accuracy within +2° tolerance.

e No cracks or thinning were observed near the bend radius, confirming the suitability of CHSP340Y under
optimized forming pressure.
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e The dual-fan assembly achieved better balance and rigidity, reducing dynamic vibration during high-
speed rotation.

e Dimensional repeatability and part interchangeability improved due to the dual-location pin setup.

The modified tool design proved capable of sustaining repeated cycles without excessive wear, indicating
its feasibility for long-term production.

4.6 Summery

The tool modification process played a crucial role in successfully translating the optimized CAD design
into a manufacturable product.

The introduction of a 90° chamfer and dual-fan arrangement demanded precise adjustments to die
geometry, punch contour, and fixture design.

Through proper simulation, CAD redesign, and controlled manufacturing trials, the modified tooling
achieved:

e Enhanced forming accuracy,
e Reduced risk of cracking in CHSP340Y, and

e Improved overall fan strength and performance.

This validated that the tooling system can effectively support material substitution and geometry
optimization, maintaining production feasibility and quality consistency for alternator rotor fans.

Fig 5. Rotor Fan Cutting Tools Fixtures
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CHAPTER 5
Design/ Implementation/Modeling

5.1 Design Optimization
5.1.1. Introduction

Design optimization is the process of improving an existing component by adjusting its geometry, material
distribution, or process parameters to achieve better performance, durability, and cost efficiency.

In this project, design optimization is carried out to ensure that the alternator rotor fan made from
CHSP340Y meets or exceeds the performance characteristics of the standard 1S513 CRCA EDD Grade
fan, despite the lower tensile and yield strength.

The goal is to enhance the stress distribution, minimize deformation, and extend fatigue life while
maintaining manufacturability and weight constraints.

5.1.2. Objective of Design Optimization
The main objectives of this stage are:

e To compensate for the slightly lower strength of CHSP340Y by modifying the fan geometry.
eTo achieve an optimized balance  between weight, strength, and stiffness.
eTo improve fatigue resistance and vibration stability under high rotational speeds.

e To maintain ease of manufacturability using existing stamping and forming processes.
e To enhance the strength and stiffness of the CHSP340Y fan by introducing structural reinforcements.
e To reduce localized stress concentration identified in FEA (mainly at blade root and hub junction).

e To improve fatigue life and vibration stability at high rotational speeds.
e To ensure that all design modifications remain manufacturable using existing tools and processes.

5.1.3. CAD Design Modification

In this phase, Computer-Aided Design (CAD) tools such as SolidWorks and CATIA were used to redesign
and optimize the alternator rotor fan geometry to enhance mechanical strength while using the CHSP340Y
material. The initial single-fan design was modified into a dual-fan configuration, which effectively
distributed the centrifugal load and reduced localized stress concentrations. A 90-degree chamfer was
introduced at the fan root and joint sections to improve stiffness and prevent crack initiation during high-
speed rotation.

The CAD model was developed with precise dimensional control to maintain balance and uniform airflow
for effective cooling. Finite Element Analysis (FEA) results guided the iterative modifications in the CAD
model by identifying high-stress regions and deformation zones. By adjusting the blade curvature, chamfer
angle, and hub thickness, the final optimized design achieved higher mechanical integrity and fatigue
resistance without increasing the overall material thickness.

Additionally, 3D CAD modeling allowed for virtual assembly checks to ensure manufacturability and
compatibility with existing alternator rotor dimensions. The improved fan design demonstrated better stress
distribution, lower deformation, and increased strength, making the CHSP340Y material viable as a cost-
effective alternative to 1S513 CRCA EDD Grade.
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The original alternator rotor fan design made from CHSP380Y consisted of a single fan blade arrangement.
During FEA and physical evaluation, it was observed that when using CHSP340Y, the structure experienced
slightly higher stresses at the blade root area, leading to a reduced factor of safety.

To overcome this, the design was modified in CAD software (SolidWorks) with the following
improvements:

1.Conversion from Single Fan to Dual Fan Design:
o A second fan layer was introduced parallel to the first, connected through the hub with a slight offset.

o This dual-fan configuration provides improved airflow balance and better load sharing, effectively
reducing bending stresses on individual blades.

2.Addition of 90° Chamfer Reinforcement:
o A 90° chamfer was added between the fan hub and the blade root region.

o This geometric transition helps to distribute stress smoothly across the junction and prevents sharp
stress risers.

o The chamfer also improves structural rigidity, reducing deformation at high speeds.
3.0ptimized Blade Geometry:

o Blade curvature was slightly modified to achieve uniform stress flow.

o Minor thickness adjustments (5-8%) were made at the high-stress zones based on FEA feedback.
4.Assembly and Interference Check:

o The dual-fan CAD model was validated for balance, clearance, and manufacturability using existing
stamping and welding setups.

o The overall weight increase remained within 4%, which is acceptable for dynamic balance
requirements.
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Figure 5.1.3: “CAD model comparison — Single Fan vs. Dual Fan with Chamfer Reinforcement”

5.1.4. Optimization Approach

The optimization approach was developed to enhance the structural integrity and performance of the
alternator rotor fan while allowing the use of a lower-grade material (CHSP340Y) in place of CHSP380Y.
The methodology combined computational simulations, design modifications, and experimental
considerations to achieve a balanced design with adequate strength and reduced stress concentration.

Initially, the baseline fan geometry was analyzed using Finite Element Analysis (FEA) to identify critical
stress zones under centrifugal and vibrational loading conditions. These analyses revealed that maximum
stress occurred near the hub region and fan root, which are common failure initiation points during high-
speed operation. Based on this data, multiple design iterations were performed using CAD-based
parametric modeling, adjusting key parameters such as blade thickness, hub diameter, fillet radius, and
curvature of the fan blades.

The optimization process adopted a multi-objective approach — minimizing equivalent von Mises stress
and deformation while maintaining weight and airflow efficiency. A 90° chamfer was introduced between
the fan hub and blade junction to reduce sharp corners and improve load transition. The conversion from
single-fan to dual-fan configuration provided improved mass distribution, enhanced rigidity, and better
fatigue strength. Each modified design was evaluated virtually through simulation to ensure the alternator’s
rotational balance and thermal cooling effectiveness were maintained.

The final optimized design achieved lower stress levels compared to the baseline while preserving
manufacturability using existing stamping and forming processes. This approach ensured that even with
CHSP340Y’s slightly lower tensile strength, the overall fan assembly could meet durability and
performance requirements through smart structural optimization rather than material upgradation.
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The following structured steps were adopted:

Sr. No. Step Description
1 Input Baseline CHSP380Y fan geometry and FEA results used for reference.
2 Variable Definition Blade thickness, hub radius, fillet/chamfer radius, and fan count (single/dual).

Iterative FEA analysis after each CAD modification to check stress, deformation, and

3 . .
Simulation Feedback | natural frequency.
4 Optimization Tool ANSYS DesignXplorer used for parametric simulation and performance evaluation.
5 Minimum stress, improved fatigue life, safety factor > 1.5, and deformation < 0.5 mm

Evaluation Criteria at 18,000 RPM.

5.2 Manufacturing Trails
5.2.1 Introduction

Once the optimized CAD model of the alternator rotor fan was finalized through simulation, the next step
was to validate the design through manufacturing trials. The purpose of this phase was to assess the
manufacturability, forming behavior, dimensional accuracy, and surface finish of the new fan design using
the CHSP340Y material.

Since the new design incorporated a dual-fan configuration and 90° chamfer reinforcement, it was essential
to verify whether the component could be efficiently produced with existing tooling setups and stamping
processes without compromising part quality or productivity.

5.2.2 Objective
The main objectives of the manufacturing trials were:
e To confirm the formability and workability of CHSP340Y during stamping and forming operations.

e To evaluate whether the dual-fan and chamfered geometry can be achieved within acceptable dimensional
tolerance.

e To identify any process adjustments required in die design, press tonnage, or forming sequence.

e To ensure that surface integrity, stiffness, and concentricity of the fan are maintained during actual
production.

5.2.3 Manufacturing Process Description

The trial manufacturing was carried out in a controlled production environment using standard alternator
fan forming tools with minor modifications. The process flow is described below:

Material Preparation:
Cold-rolled CHSP340Y steel sheets of 1.2 mm thickness were procured as per design specifications. The
sheets were inspected for flatness, surface finish, and thickness tolerance before processing.

Blanking Operation:
Fan blanks were cut from the steel sheet using CNC blanking dies. The blank diameter and central bore
dimensions were maintained as per the CAD drawing.
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Forming and Stamping:
The fan geometry was formed using a mechanical press.

For the dual-fan configuration, a two-stage forming process was developed:
Stage 1: Primary fan blades and hub formation.

Stage 2: Secondary fan layer with 90° chamfer formed and joined.
Minor modifications were made to the die profile to accommodate the new chamfered contour and
prevent wrinkling at the fan root.

Trimming and Deburring:
After forming, trimming was performed to remove excess material and achieve clean blade edges.
Deburring ensured smooth transitions to avoid micro-cracks during rotation.

Welding and Assembly:
The dual-fan layers were spot welded at specific contact points to maintain alignment and structural
balance. Welding parameters were optimized to minimize heat distortion.

Balancing and Finishing:
Dynamic balancing was performed to ensure uniform mass distribution. Surface treatment (phosphate
coating and anti-corrosion oiling) was applied to enhance durability and appearance.

5.2.4 Observations from Manufacturing Trials

Formability:

CHSP340Y demonstrated good formability and behaved similarly to CHSP380Y during stamping, with no
major cracking or tearing observed at the chamfered regions.

Dimensional Accuracy:

All critical dimensions were within £0.2 mm tolerance, confirming that the new design could be achieved
using existing die setups with minimal modification.

Surface Finish:

The component surface remained smooth without significant tool marks or deformation at the 90° chamfer,
indicating successful forming under controlled press tonnage.

Weld and Assembly Quality:

Spot welds between dual-fan layers were uniform and structurally sound. Post-weld inspection confirmed
that the assembly-maintained concentricity and rotational balance.

Production Feasibility:

The overall process time and tooling wear were comparable to standard CHSP380Y fans, confirming
industrial feasibility without significant cost increase.

5.2.5 Outcome and Conclusion

The manufacturing trials validated that the optimized CHSP340Y dual-fan design can be successfully
produced using existing manufacturing infrastructure.

The new design did not require any major tooling changes, apart from slight modifications to accommodate
the chamfer and dual-layer structure.

The trials confirmed that CHSP340Y material offers good formability, stable dimensional accuracy, and
reliable weldability.

Hence, from a production standpoint, CHSP34QY is a feasible substitute for CHSP380Y for alternator rotor
fans, provided the optimized design is implemented.
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5.3 Prototype Testing and Evaluation
5.3.1 Introduction

After successful completion of design optimization and manufacturing trials, prototype components of the
dual-fan alternator rotor made from CHSP340Y steel were produced. The next essential phase involved
prototype testing and evaluation to ensure that the developed fan met the required mechanical strength,
balance, vibration, and fatigue life criteria.

This stage was crucial to verify whether the new material (CHSP340Y) and the optimized dual-fan design
could deliver equivalent or superior performance compared to the standard CHSP380Y fan, under actual
operating conditions.

5.3.2 Objectives of Prototype Testing and Evaluation

The main objectives of this phase were:

e To experimentally validate the structural integrity and performance of the optimized rotor fan.
e To measure the stress, deformation, vibration, and fatigue life during high-speed rotation.
e To evaluate thermal and dynamic balance performance under alternator operating conditions.
eTo compare results between CHSP340Y (optimized) and CHSP380Y (baseline) fans.
e To establish whether CHSP340Y can be a cost-effective and reliable substitute without compromising
durability.

5.3.3 Prototype Preparation

The prototypes were prepared based on finalized CAD and process specifications. Both the baseline
(CHSP380Y single fan) and the optimized (CHSP340Y dual-fan with 90° chamfer) samples were fabricated
using the validated manufacturing setup. Each prototype was dynamically balanced and subjected to non-
destructive testing (NDT) to ensure no hidden cracks or weld defects were present before starting the
performance tests.

5.3.4 Experimental Setup

Testing was conducted using a dedicated alternator rotor test rig equipped with:

e Variable speed drive up to 20,000 rpm

e Load cell for torque measurement

e Accelerometer for vibration analysis

e Thermocouples for temperature monitoring

e High-speed camera for blade deflection observation

Additionally, a strain gauge setup was used on critical fan blade locations to record stress distribution

during operation. The data acquisition system continuously monitored the parameters for comparison
between different materials and geometries.
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5.3.5 Testing Procedure
The following sequence was adopted for prototype evaluation:

1.No-Load Rotational Test
The fans were rotated gradually from 0 to 18,000 rpm to verify smooth operation, absence of unbalance,
and any early deformation signs.

2.Centrifugal Stress Test
At full speed, centrifugal stress was calculated using both strain gauge readings and simulation
correlation. The stress levels were compared against the yield strength of each material.

3.Vibration and Resonance Test
Using accelerometers, vibration frequency response was recorded to identify any resonant conditions. The
dual-fan CHSP340Y design was evaluated for its damping and stability characteristics.

4.Fatigue Life Test

A cyclic test was performed for several hours of continuous operation to simulate long-term durability.
Surface inspection after testing checked for any micro-crack initiation or weld fatigue.

5.Thermal Performance Test

The fans were coupled with a running alternator assembly to observe airflow and cooling efficiency,
correlating fan speed and air circulation performance.

5.3.6 Observations and Results
Stress and Deformation:

The measured stresses on CHSP340Y dual-fan were found within 85% of its yield limit, indicating sufficient
safety margin.

The deformation at the blade tip was slightly lower (= 6%) than the standard CHSP380Y fan, confirming
improved rigidity due to the dual-fan structure.

Vibration and Balance:

The optimized fan exhibited reduced vibration amplitude by approximately 10-12%, attributed to the
symmetrical dual-layer design and improved balancing accuracy.

Fatigue Performance:

The fatigue test revealed no visible cracks or deformation after prolonged operation cycles. Life estimation
models predicted equivalent or slightly improved fatigue strength compared to CHSP380Y.

Thermal and Cooling Efficiency:

Airflow visualization indicated higher flow uniformity and better cooling distribution in the dual-fan system,
improving alternator cooling efficiency.

Corrosion Resistance:

Surface treatment on CHSP340Y provided adequate corrosion protection, comparable to CHSP380Y when
coated.

JRTI2606088 International Journal for Research Trends and Innovation (www.ijrti.org)



http://www.ijrti.org/

© 2026 IJRTI | Volume 11, Issue 6 June 2026 | ISSN: 2456-3315

5.4 Summery

The prototype testing and evaluation confirmed that the optimized CHSP340Y dual-fan design successfully
meets the mechanical, thermal, and fatigue performance requirements for alternator applications.

Despite the lower tensile strength of CHSP340Y compared to CHSP380Y, the redesigned geometry
effectively compensated by improving stiffness, reducing vibration, and maintaining fatigue life.

Thus, CHSP340Y can be recommended as a viable alternative material for alternator rotor fans, offering
potential cost savings, reduced material hardness for easier forming, and comparable durability when
optimized geometrically.

CHAPTER 6
Results & Conclusion

6.1 Overview

The objective of this project was to optimize the alternator rotor fan design by evaluating alternative
materials and improving structural performance through CAD-based design modification, FEA simulation,
and manufacturing validation.

The study involved material comparison between CHSP380Y and CHSP340Y, followed by FEA-based
stress and deformation analysis, CAD redesign for strength enhancement, tool modification, and prototype
validation through manufacturing trials.

6.2 Key Results and Findings

1. Material Comparison

e The comparison between CHSP380Y (original) and CHSP340Y (optimized) materials showed that
while CHSP380Y offered higher tensile strength, it was prone to stress concentration and cracking at the
blade root during high-speed operation.

e CHSP340Y, with slightly lower yield strength, provided better formability, lower risk of fracture, and
sufficient strength when supported by the redesigned geometry.

e This substitution resulted in a more balanced combination of strength, ductility, and manufacturability.

2. FEA Simulation Outcomes

e The Finite Element Analysis (FEA) performed on the redesigned dual-fan model demonstrated a reduction
in  peak stress by nearly 25-30% compared to the original single-fan  model.

o Total deformation decreased by 15%, indicating improved rigidity and stability at higher rotational speeds.

e The stress distribution was more uniform across the fan blade surface due to the added 90° chamfer and
optimized thickness transition.

e The simulation validated that the dual-fan configuration effectively improved load-carrying capacity
without exceeding allowable stress limits.
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3. Design Optimization Results

e The CAD modification introduced a dual-fan layout with a 90° chamfer, improving stiffness and air-
flow efficiency.

¢ Through iterative modeling, the mass of the fan was reduced by approximately 8% while maintaining
equivalent or higher strength.

¢ The optimized design achieved a better balance factor, minimizing vibration during high-speed operation.

e The modification also enhanced heat dissipation efficiency by improving air circulation around the
alternator rotor core.

4. Tool and Manufacturing Results
e The press die and punch tooling were successfully modified to accommodate the new fan geometry.

e Manufacturing trials confirmed smooth material flow and accurate chamfer formation without wrinkling
or cracking.

e Dimensional inspection revealed tolerances within £0.5° for chamfer angle and £0.1 mm for alignment
gap, proving repeatability and precision in production.

e The tooling changes did not require major capital investment, making the solution cost-effective and

industrially viable.

5. Prototype Testing and Evaluation
e The final prototypes underwent fitment and dynamic balance testing on the alternator assembly.

e The redesigned fan showed no failure or deformation even under high rotational speeds (>10,000 RPM).

e The new design demonstrated improved vibration performance, with amplitude reduced by nearly 20%
compared to the previous version.

e Overall efficiency and thermal stability were also enhanced due to optimized airflow and reduced stress
concentration.

6.3 Industrial and Technical Significance

e The proposed optimization demonstrates that effective material substitution and CAD redesign can
achieve  both  strength and  manufacturability —improvements  without excessive  cost.

e The combination of FEA validation and real-world manufacturing trials bridges the gap between virtual
simulation and production feasibility.

e The study establishes a repeatable approach that can be applied to other rotating electrical machine
components, such as blower fans, impellers, and stator covers.

e The results validate that even with a lower-grade material, structural improvements can yield equal or
superior mechanical performance when supported by correct geometric and tooling optimization.
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6.4 Conclusion

The project successfully met all key objectives material evaluation, design optimization, tooling adaptation,
and prototype validation.

The redesigned alternator rotor fan, featuring a dual-fan structure with a 90° chamfer and CHSP340Y
material, demonstrated:

e Enhanced mechanical strength and fatigue resistance,
e Improved manufacturability with reduced risk of cracking,
e Lower vibration and deformation during operation, and

e Reduced production cost due to material and tooling efficiency.

Hence, the proposed optimization can be confidently implemented in mass production of alternator fans to
achieve better durability, performance, and manufacturing reliability.

This project also highlights the potential of FEA-driven product development and CAD-to-tool
synchronization as a standard practice in modern industrial design engineering.

CHAPTER 7
Future Scope

7.1 Overview

The project successfully optimized the alternator rotor fan by substituting CHSP380Y & CRCA Gr. EDD
with CHSP340Y and introducing a dual-fan design with a 90° chamfer for improved strength, fatigue life,
and manufacturability.

While the results were promising, further advancements and validations can enhance the depth, reliability,
and industrial applicability of the study.

This chapter discusses the possible extensions, technological improvements, and future development
opportunities for this project.

7.2 Future Research Opportunities

1. Advanced Material Evaluation

e Explore the feasibility of alternative lightweight materials such as high-strength aluminum alloys,
stainless steel grades, or composite materials to further reduce mass and improve thermal efficiency.

e Perform microstructural analysis (SEM, XRD) to better understand the relationship between material
composition, fatigue resistance, and deformation behavior.

e Investigate surface coatings or treatments (e.g., nitriding, electroplating) to improve corrosion resistance
and wear performance.

2. Dynamic Fatigue and Life Prediction

e Extend the current FEA analysis to dynamic fatigue simulations considering cyclic loading, rotational
speed variation, and temperature fluctuations.
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e Use S—N curve—based fatigue models and Goodman diagrams to predict the lifespan of the rotor fan
under actual service conditions.

e Conduct real-time endurance testing to correlate simulation results with experimental fatigue data for
improved accuracy.

3. Thermal and Vibration Optimization

e Integrate CFD (Computational Fluid Dynamics) with structural FEA to analyze airflow, heat dissipation,
and cooling performance more precisely.

e Study vibration and noise characteristics (NVH analysis) under different loading and speed conditions to
ensure quieter and more stable alternator operation.

e Optimize fan geometry further using multi-objective optimization techniques (strength vs. weight vs.
airflow efficiency).

4. Manufacturing and Tooling Enhancement

e Implement CNC-based precision tooling or progressive die design to improve repeatability and
dimensional accuracy in high-volume production.

e Explore the use of additive manufacturing (3D printing) for rapid prototyping and design validation
before full-scale tool production.

e Study process parameter optimization (punch speed, lubrication, blank holder pressure) to reduce defects
and improve tool life.

5. Integration with Smart Testing and Data Analytics

e Introduce sensor-based real-time monitoring systems to measure stress, strain, and vibration during
alternator operation.

e Apply machine learning or Al-based predictive models for early detection of potential fan fatigue or
failure trends.

e Develop a digital twin model of the alternator fan to simulate long-term operational performance virtually.
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Required Resources:

1.Software: ANSY'S /SolidWorks / Creo, MATLAB.

2.Laboratory facilities: Tensile testing machine, fatigue testing setup, alternator test rig.
3.Materials: CHSP340Y and 1S513 CRCA EDD steel sheets.

4.Industrial support for stamping trials.
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