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Optimization of Locomotive Body Structures by Natural Frequency and
Maximum Stress Constraints

M. Ghamami'”*, M. Shariat panahi?, M. Mondali®
1 PhD. StudentDepartment of Mechanical Engineering, Isfahhmiversity of Technologyisfahan Iran
2 Assoc. Prof. Department of Mechanical Engineering, Tehran University, Tehran, Iran.
R & D expert, MAPNA Locomotive Companiran.

Abstract
In today's design, the complexity of system and increasing demand for safer, more efficient and less cc
system has created new challenges in science and engin&wihgstructures quality based primarily on
indicators such as naturiequency, fague life and the maximum stiesin the design process, natural
frequency identification of the various systemomponents is important order to avoid of resonance
this study, body structuresf ER24 locomotive has been studied. Amtmnation of Particle Swarm
algorithm PSQ and artificial neural networks is proposed to find the optimal weighbdy structuresand
Satisfyingthen at ur al frequency constraints. Optimizat
emphasis omaintaining locomotive abilities in Static and dynamic fiflille results indicate that the use of
optimization technige in the design process is a powerful and effective tool for improving the mair
characteristics of structures such as stress, noisbré&tion.

Keywords: Locomotive; ModalAnalysis; Artificial Neural Network; Particle Swarm Optimization; Static
Analysis.
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Load

Description
case

Assessment

Compressive force of 2000kN applied on the buffers with a

Static
superimposed 1.0-fold gravitation force !

Tensile force of 1500kN applied on the coupler with a
2 Static
superimposed 1.0-fold gravitation force

Compressive force of 500kN applied at one side on the buffer

9 with a superimposed 1.0-fold gravitation force Statie

4 Compressive force of S00kN applied diagonally on one buffer Static
with a superimposed 1.0-fold gravitation force
Compressive force of 400kN applied on the bottom anti-collision

5 N Static
beam of the driver's cab

6 Compressive force of 300kN applied on the anti-collision beam Static

i

underneath the front window

7 Maximum operating load 1.3g in vertical direction Static

Lifting the locomotive at the front lifting positions, superimposed

e with 1.1-fold gravitation force Statio

9 Lifting the locomotive at the rear lifting positions, superimposed Static
with 1.1-fold gravitation force !
Lifting the whole locomotive at the lifting holes in the side sill,

10 ! . N Static
superimposed with 1.1-fold gravitation force

" Lifting the fully equipped locomotive without bogies at the outer Static

lifting positions, superimposed with 1.1-fold gravitation force

Lifting the whole locomotive with a vertical offset of 15mm at one
12 of the lifting holes in the side sill, superimposed with 1.1-fold Static
gravitation force
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Acceleration (db)

original
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Frequency (Hz)
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Fx = 1500kN
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7th natural frequency (normalized)

8th natural frequency (normalized)

9th natural frequency (hormalized)
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