
© October 2024 | IJIRT | Volume 11 Issue 5 | ISSN: 2349-6002 

IJIRT 168350 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 702 

Design optimization of LVPH Coach Locomotive 
 

PIYUSH KUMAR TIWARI1, ABHITESH PARTAP SINGH2, SHYAM SUNDAR GUPTA3, VIVEK 

YADAV4 
1, 2, 3, 4Madan Mohan Malaviya University of Technology 

 

Abstract— This research paper delves into the design 

optimization of a Low-Floor Passenger Handling (LVPH) 

Coach with the objective of reducing the tare weight by a 

minimum of 2 tons. The LVPH Coach is a critical 

component of public transportation, and enhancing its 

efficiency by reducing weight contributes to improved 

energy efficiency, operational costs, and overall 

sustainability. The study employs advanced design 

optimization techniques and simulation tools to achieve the 

targeted weight reduction without compromising safety, 

structural integrity, or passenger comfort. 

 

Index Terms- LVPH Coach, Design Optimization, Tare 

Weight Reduction, Finite Element Analysis, Simulation, 

Sustainable Transportation. 

 

I. INTRODUCTION 

 

 
Fig 1.1: CAD model of locomotives 

 

The introduction provides an overview of the current 

state of the railway industry, emphasizing the need for 

more efficient and environmentally friendly 

locomotives. It introduces the LVPH Coach 

Locomotive as a promising solution and outlines the 

objectives of the research paper. 

 

 
Fig 1.2: Half section view of locomotive 

2.1 Objectives: 

The research paper defines specific optimization 

objectives, such as improving energy efficiency, 

reducing greenhouse gas emissions, enhancing 

operational performance, and ensuring cost-

effectiveness. These objectives guide the subsequent 

optimization process. 

 

II. LITERATURE REVIEW 

 

This section reviews existing literature on LVPH 

locomotives, covering topics such as their design 

principles, advantages, and challenges. It explores 

previous optimization studies and identifies gaps in the 

current knowledge, laying the foundation for the 

research presented in this paper.  

 

Agastya Gaurav researchers worked towards railway 

track and worked on FEA part of railway track, and 

they performed static test for this. Srihar Pall, Ramji 

Koona investaged towards Eigenvalue analysis of 

Railway coach using FEM. In this research work they 

have taken complete CAD mode l of Rail Coach and 

they have used UG-NX Software for this. They have 

used HYPERMESH for FEA. With this research they 

shown both unladen and laden conditions the coach 

attains similar predominant values of natural 

frequencies and mode shapes. Prashant, Simant 

worked towards Topology optimization, in this 

research work they worked towards reduce the weight 

of bottom center pivot, for this they used FEA in 

Ansys software, they performed structural analysis 

and did design optimization. 

 

J. Kalivoda and L. O. Neduzha, in their research, 

primarily focused on the mechanical behavior of 

locomotives, particularly considering non-linear 

aspects. M. A. Zulkifli et al. conducted studies 

centered on wheel dynamics simulations. 
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Dr. Sanjay Shukla and Manish Pandey concentrated 

their research on the design of freight rolling stock 

with higher axle loads suitable for high-speed, 

dedicated freight tracks. They conducted transient 

analyses on CAD models and, based on the outcomes, 

suggested various improvements. 

 

Xiufang Jia and Zhe Liu explored the rise of electrified 

railways and the increased use of AC-DC locomotives, 

which led to harmonic problems in power systems. 

Their research simplified the structural design, 

analyzed the working principles, and developed a 

PSCAD/EMTDC simulation model to address these 

issues. The model’s accuracy was confirmed by 

comparing simulation results with theoretical 

calculations and real-world data. 

 

Yali Song and Yaru Li developed a new method for 

assessing railway locomotive stability using Virtual 

Reality (VR) and dynamic simulations. Their paper 

introduced a VR-based system for testing running 

stability, alongside MATLAB and Simulink for 

numerical simulations. This approach enhanced 

stability analysis, maintenance simulations, and 

improved the inspection and repair of locomotive 

components. 

 

Maksym Spiryagin, Qing Wu, Oldrich Polach, and 

their co-authors focused on the key components 

needed for locomotive studies, such as developing 

realistic locomotive design models, validating them, 

and applying them to train studies. Their research 

incorporated advanced simulation techniques, 

including AC, DC, and hybrid locomotive designs, 

wheel-rail dynamics, and co-simulation approaches, 

all validated through field testing to enhance 

locomotive designs. 

 

Stanislav Špirk and Miloslav Kepka addressed the 

interior passive safety of rail vehicles by comparing 

theoretical assumptions with real-world railway 

accidents. Due to limited accident data from the Czech 

Ministry of Transport, the study used diverse 

information sources to compare simulation outcomes 

with actual accidents, offering valuable insights for 

safety legislation. 

 

Maciej Witek explored the hardware implementation 

of a train simulator driver stand using custom 

electronic devices and the MaSzyna open software 

platform. The main controller was based on the Atmel 

ATMega2560 microcontroller. The simulator was 

tested and validated by train drivers and instructors, 

and its communication protocol was used in various 

locomotive projects. 

 

Deepak Sehgal’s research documented the operation 

of locomotives through motion transfer mechanisms. 

It traced the evolution of steam locomotives in both 

appearance and function, while emphasizing the 

transition to diesel engines for both passenger and 

freight trains. Despite the ongoing importance of 

electric locomotives, rapid advancements in 

transportation engineering were highlighted. 

 

After reviewing numerous research projects, it was 

observed that limited research has been conducted on 

the locomotive rack side. This presents a notable 

research gap that warrants further exploration. 

 

III. METHODOLOGY 

 

The methodology section outlines the approach taken 

to achieve the optimization objectives. This may 

include the use of simulation tools, computational 

modeling, and experimental validation. The research 

may involve parametric studies, sensitivity analyses, 

and multi-objective optimization techniques. Firstly, 

we developed CAD model and in second phase we 

worked on FEA part with Simcentere 3D software. 

 

 
Fig 1.3: Discretized model of locomotive 
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Table 1.1: Boundary conditions of locomotive 

 

 
Fig 1.4: Post processing scenario 1 

 

 
Fig 1.5: Boundary condition and constraints 

 

IV. RESULTS AND DISCUSSION 

 

This section presents the results of the optimization 

process and discusses their implications. It highlights 

the improvements achieved in energy efficiency, 

performance, and environmental sustainability, 

providing insights into the practical implications of the 

research. 

 

 
Fig 1.6: Post processing scenario 2 and result 

 

5.1 Optimization: 

For Optimization we identified the various are in 

locomotive including side wall, end wall under Rame, 

z channels, roof vents and changed the thickness and e 

l simulated the whole locomotives. 

5.2 Parameter Optimization: 

This section focuses on the optimization of key 

parameters, such as gear ratios, wheel diameters, and 

traction motor characteristics. It explores how these 

optimizations contribute to achieving the defined 

objectives and improving overall locomotive 

performance. 

 

5.3 Control System Optimization: 

Optimizing the control system is crucial for achieving 

efficiency and dynamic performance. This section 

discusses strategies for optimizing the locomotive's 

control algorithms, regenerative braking, and energy 

management systems. 

 

 
Table 1.2: Weight reduction table 

 

Presentation and analysis of FEA results, identifying 

critical areas for improvement and validation of the 

design modifications to ensure optimal performance 

and durability. 

 

CONCLUSION 

 

The conclusion summarizes the key findings, 

discusses the significance of the research, and suggests 

avenues for future work in the field of LVPH Coach 

Locomotive design optimization. It emphasizes the 

potential impact of these optimizations on the rail 

transportation industry, promoting a more sustainable 

and efficient future. 

 

Keywords: LVPH Coach Locomotive, Design 

Optimization, Energy Efficiency, Environmental 

Impact, Railway Transportation, Hybrid Locomotives. 
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We have reduced the weight by 2139 kg and strength 

is also good. For achieving this goal, we have changed 

the thickness and material and material and found this 

reduction gives superior design optimization resulting 

cost cutting and economic manufacturing environment 

for locomotives. 

 

REFERENCES 

 

[1] Agastya Gaurav Pandey, P. P. Patil, and Vijay 

Kumar, “Finite element stress and strain analysis 

of the steel railway track” (08 Nov 2022). 

https://doi.org/10.1063/5.0103695 

[2] Hasna P.H, KMEA Engineering College, Kerala, 

“Study of Dynamic Behaviour of Rail Track 

using Finite Element Method” (Dec 2015) 

https://pnrsolution.org/Datacenter/Vol3/Issue6/8

0.pdf 

[3] Zijian Zhang, “Finite Element Analysis of 

Railway Track Under Vehicle Dynamic Impact 

and Longitudinal Loads” (2015) 

https://core.ac.uk/download/pdf/158312233.pdf  

[4] Srihari Palli, Ramji Koona, Mechanical 

Engineering Department, AITAM, Tekkali, A.P., 

INDIA, “EIGENVALUE ANALYSIS OF 

RAILWAY COACH USING FINITE 

ELEMENT METHOD” (09 May 2018) 

https://ijtre.com/wp-

content/uploads/2021/10/2018050925.pdf 

[5] Prashant Kumar Srivastava, Simant, Sanjay 

Shukla, “Topology Optimization: An Effort to 

Reduce the Weight of Bottom Centre Pivot” (02 

July 2019) 

https://www.researchgate.net/publication/36411

9839_Topology_Optimization_An_Effort_to_R

educe_the_Weight_of_Bottom_Centre_Pivot 

[6] Rui Chen , Shudong Wang , Chao Liang , Shuo 

Zhao and Yongyong Wu, “Design and 

Development of Electric Locomotive Converter 

Technology Integrated Experiment Platform” 

(Jan 2019) 

https://www.researchgate.net/publication/33894

3729_Design_and_Development_of_Electric_L

ocomotive_Converter_Technology_Integrated_

Experiment_Platform 

[7] Sergey Myamlin, Mukolaj Luchanin, Larysa 

Neduzha, “Construction Analysis of Mechanical 

parts of locomotives” (02 July 2013) 

https://www.researchgate.net/publication/34432

6940_Construction_analysis_of_mechanical_pa

rts_of_locomotives 

[8] Prashant Kumar Srivastava, Simant, Sanjay 

Shukla, “Topology Optimization :Weight 

Reduction of Indian Railway Freight Bogie Side 

Frame” (3 Dec 2021) 

https://scholar.google.com/citations?view_op=v

iew_citation&hl=en&user=l_NN65MAAAAJ&

citation_for_view=l_NN65MAAAAJ:d1gkVwh

Dpl0C 

[9] David Wennberg, “Light-Weighting 

Methodology in Rail Vehicle Design through 

Introduction of Load Carrying Sandwich Panels” 

(2011) 

https://www.divaportal.org/smash/get/diva2:416

836/FULLTEXT01.pdf 

[10] Dr. Sanjay Shukla, Manish Pandey, “Weight 

Reduction of Bottom Centre Bearing Plate of 

freight rolling stock” (2017) 

https://www.ijedr.org/papers/IJEDR1701043.pd

f 

[11] Sunil Patel, Veerendra Kumar, Raji Nareliya, 

“FATIGUE ANALYSIS OF RAIL JOINT 

USING FINITE ELEMENT METHOD” (Jan 

2013) IJRET20130201016.pdf 

[12] Pothamsetty Kasi Visweswar Rao, ” DESIGN 

AND FINITE ELEMENT ANALYSIS OF 

UNDER FRAME ARRANGEMENT 

(UNIVERSAL HEADSTOCK) OF DUAL 

COUPLER FOR RAILWAY COACHES” 

(March 2015) 

https://www.researchgate.net/publication/27790

8048_DESIGN_AND_FINITE_ELEMENT_A

NALYSIS_OF_UNDER_FRAME_ARRANGE

MENT_UNIVERSAL_HEADSTOCK_OF_DU

AL_COUPLER_FOR_RAILWAY_COACHES 

[13] S. Shukla and M. Pandey, "Weight Reduction of 

Bottom Centre Bearing Plate of Freight Rolling 

Stock," Int. J. Vehicle Struct. Syst., vol. 2, no. 3 

4, pp. 102-109, 10.4273/ijvss.2.3-4.03. Nov. 

2010. DOI:  

[14] X. Jia and Z. Liu, "Modeling and Simulation for 

the AC-DC Electric Locomotive," IEEE Trans. 

Veh. Technol., vol. 59, no. 8, pp. 3825-3833, 

Oct. 2010. 



© October 2024 | IJIRT | Volume 11 Issue 5 | ISSN: 2349-6002 

IJIRT 168350 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 706 

[15] Y. Song and Y. Li, "Dynamic Simulation of 

Railway Locomotive and Detection of 

Electromechanical Equipment Based on Virtual 

Reality Technology," IEEE Access, vol. 7, pp. 

78211-78219, 2019. 

[16] V. A. Tatarinova, J. Kalivoda, and L. O. 

Neduzha, "Research of Locomotive Mechanics 

Behaviour," in Proc. 2015 Int. Conf. Railway 

Engineering, London, U.K., 2015. 

[17] F. Zhang, R. G. Longoria, R. Thelen, and D. 

Warden, "A Simulation-Based Design Study for 

a Locomotive Electric Power System," IEEE 

Trans. Power Electron., vol. 23, no. 4, pp. 2345 

2353, July 2008. 

[18] M. Spiryagin, Q. Wu, S. Shrestha, and S. Ahmad, 

"Problems, Assumptions and Solutions in 

Locomotive Design, Traction and Operational 

Studies," J. Mod. Transport., vol. 25, no. 3, pp. 

197-205, Sept. 2017. 


