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Development Process of Side Impact Beam for Automotive Light-
Weighting Door using Sheet Type
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Abstract

This paper presents the development process of automotive side door impact beam for passenger cars. Weight
reduction while maintaining functional requirements is one of the major goals in the automotive industry. In this
study, thin-walled side door beam using quenchable boron steel was designed to reduce the weight of
conventional side door tubular one. In order to estimate design for the proposed side door beams, the static side
impact protection tests(FMVSS 214) were conducted using the finite element method. Based on the simulation
results, geometry modification of the side door beam has been performed via creating new reinforcing ribs.
Furthermore, the manufactured frontal impact beam was mounted on the real side door of a passenger car, and
then static impact protection test carried out. It is concluded that the presented test results can provide significant
contribution to the stiffness of side door impact beams and light-weighting door research.
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(a) Front side impact beam and section view

Section A-A’

(b) Rear side impact beam and section view
Fig. 2 The 1° proposed side impact beam
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Table 1 Static test for side impact protection[10]

i 100% bending 120% bending
Displacement

resistance resistance

() load(kgf) load(kgf)
Initial(155) 1,020 1,224
Intermediate(310) 1,580 1,896

Peak(460) 3,160 -
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DOF1,23=0 %

(a) Boundary conditions of front side impact beam

DOF 1,2,3=0

(b) Boundary conditions of rear side impact beam
Fig. 3 FE analysis for the static-side impact protection(FMVSS 214)
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Table 2 Material properties for SABC1470[11]

Properties Value
Tensile strength(MPa) 1,470
Yield strength(MPa) 996

Elongation(%) 6

Table 3 Simulation results for the 1% front side impact

beam design
Displacement Bending resistance
Result
(mm) load(kgf)
Initial(155) 865.5(84.8%) Fail
Intermediate(310) 2,107.4(133.4%) Pass
Peak(460) 3,122.3(98.8%) Fail
Weight 1.347kgf(32.1% weight reduction)
kAt fEteAm oA A A (shell mesh)S
Agetgon AFEAD S gdan Aexe
1391 HyperMesh®} Nastrans z}7} AF&3ST)
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Fig. 4 Deformation pattern for the front side impact
beam

Reinforcement

Fig. 5 The 2" proposed front side impact beam and
section view

Table 4 Simulation results for the 2" front side impact

beam design
Displacement Bending resistance
Result
(mm) load(kgf)
Initial(155) 1,227.8(120.4%) Pass
Intermediate(310) 2,581.7(163.4%) Pass
Peak(460) 3,500.2(110.8%) Pass
Weight 1.915kgf(3.4% weight reduction)
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Fig. 6 The final proposed front side impact beam and
section view

Table 5 Simulation results for final front side impact
beam design

Displacement Bending resistance
(mm) load(kgf)
Initial(155) 1,400.4(137.3%) Pass

Result

Intermediate(310) 2,998.1(189.8%) Pass

Peak(460) 3,740.0(118.4%) Pass

Weight 1.537kgf(22.5% weight reduction)
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Table 6 Simulation results for the 1% rear side impact

beam design
Displacement Bending resistance
Result
(mm) load(kgf)

Initial (155) 1,067.9(104.7%) Fail

Intermediate (310) 2,507.5(158.7%) Pass

Peak(460) 3,199.5(101.3%) Pass
Weight 1.046kgf(29.8% weight reduction)
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Fig. 7 The final proposed rear side impact beam and
section view

Table 7 Simulation results for the final rear side impact

beam design
Displacement Bending resistance
Result
(mm) load (kgf)
Initial (155) 1,374.6 (134.8%) Pass
Intermediate (310) 2,822.8 (178.7%) Pass
Peak (460) 3,636.6 (115.1%) Pass
Weight 1.110kgf (25.5% weight reduction)
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(a) Front side impact beam

(b) Rear side impact beam
Fig. 8 Photograph of prototype

Fig. 9 Experimental set-up for static side impact
protection test(FMVSS 214)

Table 8 Static test results for the front door assembly

Displacement Bending resistance
Result
(mm) load (kgf)
Initial (155) 1,952.7 (191.4%) Pass
Intermediate (310) 2,708.0 (171.4%) Pass
Peak (460) 3,642.8 (115.3%) Pass
fete] dAGgem SR D ZRAZ WS
Aoltt. ol #fste] 3 A®s) vHow Iy
4Fol hed AL Adaglon A4 A
£ ol&sto] HAANMAS Fdsta AAEFS AR
el 4% e 2 A%g A o
7 2t
1) A4S AWz FAxcld dg #AAP Apo]
= JAE Qs AAsta Hdd HrkE 9 51
FMVSS 214 A2 Al@RGtE H88te] FAN S
Sste] Aol Wt



it

REFERENCES
[1] D. H. Jang, 2011, Process Development for
Automotive Hybrid Hood using Magnesium Alloy
AZ31B Sheet, Trans. Mater. Process., Vol. 20, No. 2,
pp. 160~166.
T. S. Lim, D. G. Lee, 2002, Mechanically Fastened
Composite Side-door Impact Beams for Passenger
Cars Designed for Shear-out Failure Modes, Compos.
Struct., Vol. 56, No. 2, pp. 210~221.
J. Zhou, B. Wang, J. Lin, L. Fu, 2013, Optimization
of an Aluminum Alloy Anti-collision Side Beam Hot

[2]

(3]

[4]

(5]

(6]

[7]

(8]

[l

[10]

[11]

137

Stamping Process using a Multi-objective Genetic
Algorithm, Arch. Civ. Mech. Eng., Vol. 13, No. 3, pp.
401~411.

A. O. Ayhan, K. Genel, S. Eksi, 2012, Simulation for
Nonlinear Bending Behavior and Geometric
Sensitivities for Tubular Beams with Fixed Supports,
Thin Walled Struct., Vol. 51, pp. 1~9.

Y. Liu, M. L. Day, 2008, Bending Collapse of Thin-
walled Circular Tubes and Computational Application,
Thin Walled Struct., Vol. 46, pp. 442~450.

F. Guarracino, 2003, On the Analysis of Cylindrical
Tubes under Theoretical Formulations,
Experimental Data and Numerically by using Finite
Element Method, Thin Walled Struct., Vol. 41, pp.
127~147.

A. G. Mamalis, D. E. Manolakos, M. B. loannidis, P.
K. Kostazos, 2006, Cylindrical Steel Tubes:
Numerical Modeling, Int. J. Crashworthiness, Vol. 11,
No. 1, pp. 37~47.

A. Ghadianlou, S. B. Abdullah, 2013, Crashworthiness
Design of Vehicle Side Door Beams under Low-speed
Pole Side Impacts, Thin Walled Struct., Vol. 67, pp.
25~33.

D. H. Lee, T. J. Kim, J. D. Lim, H. J. Lim, 2009,
Development of High Strength Steel Body by Hot
Stamping, Trans. Mater. Process, Vol. 18, No. 4, pp.
304~309.

U.S Department of Transportation, 1992, National
Highway Traffic Safety Administration Laborratory
Test Procedure for FMVSS 214S (Static) Side Impact
Protection, U.S Department of Transportation,
Washington DC, pp. 1~36.

K. W. Nam, S. H. Park, J. S. Yoo, S. M. Lee, 2012,
Analysis of Impact Characteristics of Bonded
Dissimilar Materials for Center Pillar, Trans. Kor. Soc.
Mech. Eng., Vol. 36, No. 8, pp. 929~934.

Flexure:



