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Abstract: Recently The automotive industry is trying to increase the energy efficiency by reducing the weight of the car 
body and engine components as a way to achieve high energy efficiency. In particular, the reduction of the weight of the 
vehicle through the weight reduction of the vehicle body has the advantage that the fuel consumption and the output can 
be improved. But at the same time, there is the disadvantage that the strength becomes weak due to the reduction of the 
material thickness. Therefore, in order to overcome these disadvantages, materials with high strength according to the unit 
thickness have been actively developed, and researches for applying them have also been increasing. In this study, we will 
investigate the application of cold rolled steel sheet, which is a lightweight material, to a horn bracket that secures a 
installed in an automobile engine room. The horn bracket secures the horn on the car engine and is bolted to the outer 
wall of the engine. The momentum is acted on the bracket due to the distance between the bolt fastening part and the 
car horn installed on the bracket end side. Therefore, the body part of the bracket is more likely to be destroyed by the 
influence of the continuous stress. In this paper, design optimization for weight reduction and strength enhancement was 
performed to solve this problem, and possibility of applying the rolled steel sheet material as lightweight material by 
tensile test and fabrication was confirmed.
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SPCC
 SPFC45 . 

2.6 
mm SPCC 1.6 mm
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SPCC(2.6 t) SPFC45(1.6 t) Mechanical Properties
Table 1 . 

Yield Strength Ultimate Tensile 
Strength SPFC45 .

Mechanical 
Properties SPCC (2.6 t) SPFC45 (1.6 t)

Mass  Density 7.872e-006 kg/mm3 7.872e-006 kg/mm3

Young's Modulus 200000  MPa 175000 MPa

Poisson's Ratio 0.25 0.34

Yield Strength 226 MPa 265 MPa

Ultimate Tensile 
Strength 321 MPa 440 MPa

2.6 mm SPCC
1.6 mm SPFC45

. 
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Mesh Tetra mesh 16311
4772 Fig. 3
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Fig. 3 Constraint 

1

Von-mises . 

 

-
NX

Nastran . 
SPCC 1 48.68 Hz

SPFC45 1 24.54 Hz
. 

. 
Fig. 4 1

 . SPCC 
SPFC45 SPCC 3.034 
mm, SPFC45 3.186 mm .

 

Fig. 5 1
Von-mises .

2.6 mm SPCC
339.45 MPa 1.6 mm 
SPFC45 217.32 MPa

. SPFC45 1 
mm

120 MPa

. 
SPCC 39.51 g SPFC45 

25.5 g 35 %
.
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Stopper 
90° . 

1.6 mm , Stopper
90° 4.4 mm .

Design Optimization Simulation Tool NX 
Nastran , 

.
 Natural Frequency 

1 Mode Displacement Magnitude 
. SPCC 2.6 t Bracket Natural 

Frequency 1 Mode 3.10 mm
Constraints 3.0 

mm . SPFC45 1.6 t 
Displacement Magnitude 3.03mm

3.10 mm 
Von-Mises 

. 
Fig. 7 P20

Upper Limit=1.6 mm, Lower Limit=1.5 mm 0.1 mm
, Stopper 90° Bending

Fig. 7 P9 Upper Limit=4.4 
mm, Lower Limit=2.4 mm 2.0 mm 

.
Table 2

.

Minimum 
Weight [g]

0 1st 2nd 3th

27.3845 27.3796 27.3880 27.3778 

Name 0 1st 2nd 3th

p9=2.0 [mm] 1.6 1.8 1.6 1.609

p20=0.1 [mm] 0.1 0.1 0.11 0.081

Result 
Measure 0 1st 2nd 3th

Lower-Limit 
=3.000000  

[mm]
3.0203 3.0203 3.0211 3.0189

 3th 
P20=0.1 mm 0.081 mm, P9=2.0 
mm 1.609 mm . 

Bead 1.6 mm 1.519 mm, 
Stopper Flange 4.4 mm 4.009 mm 

.
 1 Mode Displacement Magnitude

Constraints Lower Limit=3.0 mm 
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3.018 mm . 
Bead Stopper Flange

Von-Mises
, SPFC45 1.6 t Material Properties

Young's Modulus 
.

. Fig. 8
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Fig. 9 . 
(Maximum Load) SPCC 1757.5 

Kgf SPFC45 2678.5 Kgf 921 Kgf
. 1.0 mm 

SPFC45 SPCC
. 

(Tensile Strength) SPCC 2.6 t
27 Kgf/mm2 SPFC45 1.6 t 67 Kgf/mm2 

.

SPCC 54.8 % SPFC45 43.8 %
SPCC SPFC45

.
SPCC 17.1 Kgf/mm2 

SPFC45 42 Kgf/mm2 24.9 Kgf/mm2 
. 

SPCC 2.6 t
2

(Spring Back)
.

Fig 10.
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1) 
2.6 mm SPCC 

1.6 mm SPFC45 

SPCC 339.45 MPa
1.6 mm SPFC45 
217.32 MPa

. SPCC
39.51 g SPFC45 25.5 g 

35 % .  
2) 

Stopper 
Bending . 

Height=1.519 mm, Stopper Flange Height=4.009 mm 
. 39.5 g

27.37 g 30.7 % .
3) SPCC SPFC45 

SPCC SPFC45 
, 

SPFC45 
.

, 
SPFC45

.

2018
R&D (N0001292)

.

1) Y.S. Kong, Ph. D. “Study on the Weight Reduction 
of Automotive Bumper Beam and Seat Back Frame 
using GMT-CFRTPC Hybrid Composites”, Graduate 
School of Chungbuk National University, 2018.

2) M.W. Kim, M. S. “A Study on the Light-Weight 
Design of Hybrid B-pillar Considering 
Crashworthiness”, Graduate School of Seoul National 
University of Science and Technology, 2016.

3) J.Y. Lee, S.B Kwak, “Development of lightweight 
30% all-in-one door module for automobile 
equipped with smart convenience device”, 
Transactions of KSAE, No. 6, pp. 1149-1149, 2018.

4) M.G. Lee, S.J. Kim, E.J. Kwak, G.P. Kang, 
“Parametric Study to Manufacture Automotive 
Drive Plate by Using Press Quenching Finite 
Element Analysis”, Trans. Mater. Process., No. 5, 
pp. 253-256, 2010.

5) H.K. Yoon, K.B. Lee, “Bending Strength 
Characteristics of AI/CFRP Hybrid Composite by 
Using Automobile”, Transactions of KSAE, No. 3, 
pp. 45-53, 2002.

6) J.S. Kang, M.H. Song, J.Y. Lim, “A Preliminary 
Study on the Structural Performance of the 
Bumper-Beams for High-Strength Steel Applications”, 
JKAIS, Vol. 18, No. 6, pp. 78-84, 2017.

7) B.M. Kang, J.O. Kim, J.H. Lee, J.U. Cho, M.S. 
Han, “Simulation Analysis on the Property of Crack 
Propagation and Growth at High Tension Steel 
Plate”, Transactions of KSAE, Vol. 23, No. 5, 2015.


