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ABSTRACT

Front lower control arm (FLCA) is a component used in a suspension system of a light vehicle. It plays a whittle
role in handling the motion of the wheel during the bump, turning, and braking. The scope here in this present
work is to optimize the front lower control arm with respect to weight with four different materials. Present
work, the new design concept of FLCA is presented. CATIA software has been used for the modeling, design
concept of the FLCA. After that, ANSYS software is used to analyze the structural strength and optimized the
part using topology optimization technique to achieve accurate dimensions with less mass. To verify the initial
work, existing model has been taken from literature as the base and verified it. The work also determines the
natural frequency before and after optimization. The target of the new design is 20% reduction of the overall
mass of the front FLCA which manufactured by suitable material. Finally, the work has been observed that
using topology optimization technique reduce mass of the FLCA without owing its responses.
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1. Introduction
The particular idea of connecting linkages and spring components changes broadly among car models. The best
rides are made potentially by free suspension frameworks, which allow the wheels to move autonomously of
each other. In these frameworks the unsprang weight of the vehicle is diminished, gentler springs are allowable,
and front-wheel vibration issues are limited. Spring components are utilized for vehicle suspension, expanding
request of their capacity to store versatile vitality per unit of weight. Suspension arm is one of the principle
segments in the suspension frameworks. It can be seen in different sorts of the suspensions like wishbone or
twofold wishbone suspensions. The vast majority of the circumstances it is called as A-type control arm. It joins
the wheel center to the vehicle outline taking into account a full scope of movement while keeping up
appropriate suspension arrangement.

Figure 1. Front lower control arm (FLCA)
Topology optimization (TO) is a mathematical method that optimizes material layout within a given design
space, for a given set of loads, boundary conditions and constraints with the goal of maximizing the
performance of the system.
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Figure 2. Topology optimization [3]

2. Methodology
Front Lower Control Arm (FLCA) is as integral component of a frame and suspension system and it is classified
under functional component on the basis on its application. So, the optimal designed are required for better
performance of existing design. Now in this work is to perform the structure analysis and of an LCA and further
optimized the design or shape of the same. CATIA software is employed in this present work to design the
concept of the LCA and after that, ANSYS software is considered to analyze the structural strength and
optimized the weight with respect shape of the part.
2.1 Analysis of Lower Control Arm
Analysis of the lower control arm is required to find out the maximum stress (weaker section), shear stress and
deflection in the arm. Maximum von-mises stress, shear stress and deflection in the LSA can be found by using
software. The Finite Element Analysis (FEA) is the simulation of any given physical phenomenon using the
numerical technique called Finite Element Method (FEM).
Table 1 Material Properties used in FLCA

Properties
3

Density (kg/m )
Young’s Modulus (GPa)
Poisson's Ratio
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EN 24
7850
210
0.3
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Materials
Fe 410
Fe 590
7685
7850
210
200
0.285
0.3

C70 Steel
7695
211.5
0.3

268

Vol-5 Issue-1 2019

IJARIIE-ISSN(O)-2395-4396

Figure 3. Base model, meshed view, topology optimization and modified Model of FLCA

3. Results & Discussions
The main objective of this present work is to model and to perform structural as well as vibration analysis of a
lower control arm used in the front suspension system. After performed analysis the topology optimization has
been done and the optimum results are obtained. Before topology optimization the existing model has been
verified by available Ref. [12].

Figure 4. Graphical of comparison of total deformation to different materials
Figure 4 – 8, representing that the total deformation, von-mises stress, shear stress, vibration and mass of the
different material types which obtained from analysis respectively. The graph clearly shows that the for total
deformation existing model are high as compared to present and the 4 th type of model is given the minimum
total deformation, total deformation, von-mises stress, shear stress, vibration and mass, which is good for
application.
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Figure 5. Graphical comparison of Von-Mises stress to material types

Figure 6. Graphical comparison of maximum shear stress to material types

Figure 7. Graphical comparison of natural frequency to different materials
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Figure 8. Graphical comparison mass before and after optimization different materials

4. Conclusion
 The front lower control arm is one of the widely used in independent suspension system. This arm is
transferred maximum load from upper arm to lower arm during motion. So, the main aim of the work is to
improve the performance of the arm.
 The main goal of the present work is to research and investigate to design new light weight of FLCA using
topological optimization and introduced the effective material (C70 steel) to be used in FLCA.
 It has been observed in the present work that using optimized or modified design reduces total deformation
in design, von-mises stress and shear stress as well as minimum natural frequency.
 Using topology optimization technique, the reduction of mass can be achieved about 31% compared to
current or existing design concept of FLCA.
 From the present investigation it is concluded that the unique and robust design gives better performance
compared to current commercial FLCA.
 Also, from this present work has been concluded form using topology optimization technique, the mass of
the design is reducing with minor effecting the output response.
 The topology optimization tool given the good agreement between tradition designing as well as nontraditional optimization techniques.
 This technique has been significance in designing from concept to final model within less time.

References
[1]
[2]

[3]
[4]
[5]

9437

Martin Philip Bendsoe and Noboru Kikuchi, “Generating optimal topologies in structural design using a
homogenization method,” Comput. Methods Appl. Mech. Eng., vol. 71, pp. 197–224, 1988.
Dattatray Kothawale, Dr. Y.R. Kharde “Analysis of Lower Control Arm in Front Suspension System
Using F.E.A. Approach” International Journal of Engineering Research and Development Volume 5
Issue, 2003.
M. P. Bendsøe and O. Sigmund, Topology optimization: theory, methods, and applications, vol. 2nd
Editio, no. 724. 2003.
G. Chiandussi, I. Gaviglio, and A. Ibba, “Topology optimisation of an automotive component without
final volume constraint specification,” Adv. Eng. Softw., vol. 35, no. 10–11, pp. 609–617, 2004.
M. Sridharan and S. Balamurugan, “Design and Analysis of Lower Control ARM,” Int. J. Innov. Res.
Sci. Eng. Technol. (An ISO Certif. Organ., vol. 3297, no. 4, pp. 6510–6528, 2007.

www.ijariie.com

271

Vol-5 Issue-1 2019
[6]

[7]
[8]
[9]
[10]
[11]

[12]

[13]

[14]
[15]
[16]
[17]
[18]

[19]
[20]
[21]

9437

IJARIIE-ISSN(O)-2395-4396

W. Saleem, F. Yuqing, and W. Yunqiao, “Application of topology optimization and manufacturing
simulations - A new trend in design of Aircraft components,” Imecs 2008 Int. Multiconference Eng.
Comput. Sci. Vols I Ii, vol. II, pp. 1791–1796, 2008.
Nawar A. Al-Asady, “Automobile body reinforcement by finite element optimization”, Department of
mechanical Engineering. UKM, Malaysia, 2009.
IiM. M. Noor and M. M. Rahman, Fatigue Life Prediction of Lower Suspension Arm Using strain-life
approach, Euro Journals Publishing, Inc., 2009.
M.M. Rahman et al., "Linear Static Response of Suspension Arm Based on Artificial Neural Network
Technique", Advanced Materials Research, vol. 213, pp. 419-426, 2011.
R. Das and R. Jones, “Topology optimisation of a bulkhead component used in aircrafts using an
evolutionary algorithm,” Procedia Eng., vol. 10, pp. 2867–2872, 2011.
A. M. Patil1, A.S. Todkar, Prof. R. S. Mithari, “Experimental & Finite Element Analysis of Left Side
Lower Wishbone Arm of Independent Suspension System “IOSR Journal of Mechanical and Civil
Engineering (IOSR-JMCE), vol. 7, Issue 2, 2013.
Sushil kumar P. Taksande, A.V. Vanalkar, “Methodology for Failure Analysis of Car Front Suspension
Lower Arm- a Review” International journal for Scientific Research & Development Volume-3 Issue- 5,
2015.
S. Aishwarya and E. V. V. Ramanamurthy, “Design and optimization of connecting rod for 4 - stroke
petrol engine by using finite element analysis,” ARPN J. Eng. Appl. Sci., vol. 10, no. 11, pp. 4994–4999,
2015.
B. Zhu, X. Zhang, and S. Fatikow, “Structural topology and shape optimization using a level set method
with distance-suppression scheme,” Comput. Methods Appl. Mech. Eng., vol. 283, pp. 1214–1239, 2015.
Balasaheb Gadade, R.G. Todkar, “Design and Analysis of A- type Front Lower Suspension arm in
Commercial vehicle” International Research Journal of engineering and Technology, vol. 2, Issue, 2015.
S. Arun Kumar, V. Balaji, K. Balachandar, and D. Prem Kumar, “Analysis and optimization of lower
control arm in front suspension system,” Int. J. Chem. Sci., vol. 14, no. 2, pp. 1092–1098, 2016.
P. J. Liew, U. S. Hashim, and M. N. A. Rahman, “A New Design Optimization of Light Weight Front
Lower Control Arm,” J. Adv. Manuf. Technol., vol. 11, no. 1, pp. 61–68, 2017.
S. S. Khode, P. A. N. Patil, and P. A. B. Gaikwad, “Design Optimization of a Lower Control Arm of
Suspension System in an LCV by using,” Int. J. Innov. Res. Sci. Eng. Technol., vol. 6, no. 6, pp. 11657–
11665, 2017.
J. Marzbanrad and A. Hoseinpour, “Structural optimization of MacPherson control arm under fatigue
loading,” Teh. Vjesn. - Tech. Gaz., vol. 24, no. 3, pp. 917–924, 2017.
A. R. Kale, P. A. Tadamale, and N. D. Patil, “Analysis and Optimization of Upper Control Arm of,”
Evol. Mech. Eng., vol. 1, no. 1, pp. 1–6, 2018.
M. Hafizi, A. Rahman, M. S. Salleh, M. Suffian, A. Razak, and M. R. Mohamad, “Design and
Optimization of Front Lower Control Arm (FLCA) for C - Segment Passenger Car,” Int. J. Eng.
Technol., vol. 7, no. 3, pp. 71–75, 2018.

www.ijariie.com

272

