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PROJECT ANNOUNCEMENT 
Spring 2025

Title: TOPOLOGY OPTIMIZATION–BASED LIGHTWEIGHT REDESIGN OF AN AUTOMOTIVE LOWER CONTROL ARM

Position Ref: OCN_S2603

Type: Individual
Status: New
Seats: 2 students – (Özgür Benzeş – Mete Özçelik)

Project Description:
Suspension systems are critical components of automotive vehicles, directly affecting safety, ride comfort, and handling performance. Among these components, the lower control arm plays a key role in transferring loads generated during braking, cornering, and road excitation to the vehicle body.
Conventional lower control arm designs are often based on conservative engineering approaches and are not fully optimized, leading to unnecessary weight, inefficient material usage, and suboptimal structural performance. With increasing demands for lightweight vehicles and improved fuel efficiency, advanced design methods such as topology optimization have become essential tools in modern automotive engineering.
In this project, a reference lower control arm geometry will be selected and lightweighted using topology optimization techniques, while preserving its functional requirements. Numerical methods such as Finite Element Analysis (FEA) and the SIMP (Solid Isotropic Material with Penalization) approach will be employed to identify load paths and optimally distribute material under multiple loading conditions.
The optimized topology result will then be converted into a manufacturable CAD geometry, and structural analyses under identical loading conditions will be performed. The redesigned component will be quantitatively compared with the reference design in terms of weight, stiffness, and stress distribution.
Work Description:

· Literature review on automotive suspension systems and topology optimization
· Selection and modeling of a reference lower control arm geometry
· Definition of realistic loading and boundary conditions (braking, cornering, etc.)
· Topology optimization using SIMP or similar numerical methods
· Reconstruction of the optimized topology into a CAD geometry
· Finite Element Analysis of both reference and optimized designs
· Comparative evaluation of weight reduction, stiffness, and stress performance
· Final technical report and design recommendations

Required Qualifications and Skills:

· Knowledge of mechanics of materials and structural analysis
· Familiarity with CAD software (SolidWorks, CATIA, or similar)
· Experience with Finite Element Analysis (ANSYS, Abaqus, OptiStruct, etc.)
· Interest in numerical methods and optimization techniques
· Ability to interpret simulation results and prepare technical reports

Related UN Sustainable Development Goals:

· No. 9 – Industry, Innovation and Infrastructure
· No. 12 – Responsible Consumption and Production
Difficulty:		high (X)	medium ( )		low ( )

Time commitment: 	high (X)	medium ( )		low ( )

Estimated expense:	(computer-based design and analysis)
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