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ABSTRACT

Currently, the automotive market is intensively researching eco-friendly vehicles such as EV vehicles and
hydrogen vehicles. Further, research and developments for the future markets such as autonomous vehicles
and the connective cars are coped up continuously along with the rising fuel economy regulations and the
emission regulations. In this development, various sensors, batteries, and control devices are fused in order to
decrease the weight of the vehicle. Moreover, since the fuel economy regulation is an issue, research on the
weight reduction of body parts is underway. Therefore, in this work, a study is conducted to obtain the
optimal design of the Dash part that separates the engine room and the passenger seat of the vehicle body
by combining lightweight materials with high rigidity materials. The optimal design was obtained using the
Finite Element Analysis. Further, AL5083 was used as the lightweight material and ASBC1470 was used for
high strength materials. The parts made with this combination of materials had strength equivalent to that of
the existing steel and the weight was reduced by 10%.

Key Words : Lightweight(Z &2}), Optimal Design(Z|&4AA[), Multi-Material Bonding(0|Z2A{ & €h), Finite

Element Analysis(f 2225l Ad)

1. Introduction (EVs) and hydrogen vehicles, are in progress.
However, this development has inevitably resulted in

Regulations on higher fuel economy and reduced increasing the vehicle towing weight to the fusion

- . f wvari nsor: tteri n ntrol devices.
exhaust gas emissions have currently been tightened of various sensors, batterics, and control devices

Hence, most studies have focused on reducing the

in the automobile market. Therefore, research and .

development for future markets, such as autonomous weight of vehicle body parts

and comnected vehicles, and intensive research on There are various lightweight automobile technologies

. . . . such as structural optimization and new process
eco-friendly vehicles, such as electronic vehicles P p

technology. Structural optimization is a method of

# Corresponding Author : jia789@songwon.ac.kr reducing weight by optimizing the vehicle body
Tel: +82-62-360-5729, Fax: +82-62-360-5729 structure, such as changing the shape or layout of
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vehicle body components. In contrast, a new process
technology attempts to reduce weight using other
lightweight and high-strength materials than the
existing ones. Therefore, this study investigates the
optimal design by applying a combination of
and high-stiffness
dashboard parts separating the engine room and the

lightweight materials to the
boarding seat of the vehicle body, which were
previously manufactured through a combination of
lightweight and high-strength materials. The optimal
design was achieved through the finite element
method (FEM). Moreover, AL5083 and ASBCI1470
were used as lightweight and high-strength materials
stiffness
conventional steel, resulting in weight reduction by
24%"21,

to obtain  equivalent compared  to

2. Lightweight Dash Panel Design

2.1 Lightweight Design: 3D Modelling

The dash panel was designed to achieve the
stiffness and 10%
compared to the conventional vehicle body. As

equivalent weight reduction
shown in Fig. 1, AL5083 was utilized in designing
lightweight material, and ASBC1470 was used to
design  reinforcement  to insufficient
strength. ASBC1470 was selected as 1.4t, and
AL5083 was 3D modeled at a level of
approximately 1.2t-2.3t, owing to their press forming

overcome

process and formability characteristics.

Fig. 1 Dash 3D modelling and comparison of
reinforcement

(b) Dash Lwr Lh/Rh
Fig. 2 Dash Upr/Lwr 3D modelling

ALUMINUM PART
Bl HoT sTAMPG
high strength Steel

Steel

Fig. 3 Dash multi-material 3D modelling

Additionally, the dash cross side structure of the
conventional mass-produced vehicles was divided into
Upr/Lwr; Lwr was further divided into Lh and Rh
to secure formability. Fig. 2(a) shows dash Upr; Fig.
2(b) shows dash Lwr Lh and Lwr Rh. Moreover,
the application of multi-materials to dash is shown
in Fig. 3

3. Optimal Dash Panel Design

3.1 FEM

Each eclement has a node corresponding to the
vertex of the brick. The node becomes the point
where each element joins. Therefore, a node is
shared by two or more elements. Here, the word
“join” refers to a complete attachment. According to
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the mechanical theory, when an element is deformed
due to an external force, the neighboring elements
are also deformed. Hence, the deformation of the
entire object can be calculated by measuring the
deformation of each element. The increasing number
of elements naturally requires more calculation. The
method
irrespective of the shape of the object because the

basic  calculation remains the same

FEM divides an object into many elements and
performs the calculation on each element.

3.2 Load-Stress Equilibrium Equation

Assume that V is a volume and S is a surface area
of a certain 3D object. Any point within the object
is represented by x,y, and z coordinates. Some parts
of the object boundary, where displacement is
applied, are constrained, as shown in Fig. . There is
an exerting surface force vector (traction) T in other
parts of the boundary, representing the distributed
force per unit area. When a force is applied, an
object deforms. The deformation at a point x
(= [z,,2]")is expressed by three components of

the displacement, as shown in Equation (1) B*.

u = [u,v,w]” (D

Equation (2) expresses the distributed force per
unit volume equal to the weight per unit volume as a

vector, £,

f = fo"fl/’fz]T (2)

Fig. 4 shows body force acting on a small cube of
volume dV. The surface force vector, T, can be
expressed as a vector component at any point on
the surface. Examples of the stress vector include
the distribution of contact force and the action of
pressure. The load, P acting on a point I is

represented by three components P4,

P=[P.P,P ]Z_T

yz

€)

Fig. 5 The equilibrium of tiny volume

Fig. 5 shows the stress acting on a small cube of

volume dV. When the volume is reduced to one

point, the stress tensor can be expressed by
arranging the components in a (3 X 3) symmetric
matrix. However, as shown in Equation (4), the

stress can be represented by six unique components.

277-"277_1”,1/]1‘ (4)

o=lo,.0

Y O T’,’l

where 0,00, refer to the normal stress and

Y

T denote the shear stress. Consider the

2 'xyz

7_,,/27

T,
volume equilibrium shown in Fig. 5. First, the force
acting on the surface is obtained by multiplying the

stress-applied area by the stress.
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If YIF, =0,3F,=0,2F. =0 and

dV = dxdydz the equilibrium equation is derived,

as shown in Equation (5)7",

oo, 0T, 0T,

+ —+ + f =0 ®)]
ox oy 0z .
oT, el

1 87—’1]2
ox oY 0z ’

ﬂ+&+%+/: 0
ox oy 0z 5

The boundary conditions include displacement
conditions and surface load conditions, as shown in
Fig. 6. If u is given at the boundary represented

by S, it is equivalent to Equation (6).>

S, on u=0 (6)

Fig. 6 The neighbors on the surface of tiny volume

Additionally, if the displacement is given by athe
boundary condition can be represented as u=a.
The equilibrium of the tetrahedral volume ABCD is
shown in Fig. 6. DA,DB,DC is parallel to each
axis, z,y,z and the area ABC, represented by dA,
nZ]T is a

is located on the surface. If n = [nw,ny,

unit vector perpendicular to dAt hen it corresponds

to areas BDC =n,dA, ADC = nydA, and

ADB = n,dA, respectively.

3.3 Optimal Design through Dash FEM

The degree of strength was measured to analyze the
dash using the combined specimen of ALS5083 and
ASBC1470. A multi-lamination was performed using
a joining agent and a rivet. The joining strength of
the specimen was measured to be 12.51KN, as
shown in Fig. 7.

The dash analysis implements the stiffness as in the
conventional vehicle body and calculates the
thickness of the ALS5083 material to derive weight
reduction. Moreover, the airbag—a safety device in
the event of a frontal collision—acts as a collision
detecting sensor. However, the optimal design was
implemented by allowing hot spot stress and
deformation to occur in one section of the dash if
the airbag fails to operate owing to the sensor
malfunctioning during a sudden stop in the event of
a collision. Dash was designed to mechanically
operate the airbag through hot spot deformation. Fig.
8 shows the result of the dash analysis. ANSYS—a
commercial FEM tool— was utilized for the

analysis. We equally applied a 13.85 kN load

Hybrid 13-08 . ———————— - R ]
Bli 12.85
ind-
Rivet 11.59
125] avr (e

Fig. 7 Dash hybrid bonding strength

Table 1 Deformation amount by thickness

Deformation
Existing product 0.001211
Material change 1.2t 0.002088
Material change 1.5t 0.001484
Material change 2t 0.001063
Material change 2.3t 0.000911
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E: Static Structural 13.85KN
Total Deformation

Type: Total Deformation

Unit: m

Time: 1

2018-07-20 2T 12:47

0.0012119 Max
0.0010773
0.0009426
0.00080794
0.00067328
0.00053862
0.00040397
0.00026931
0.00013466

0 Min

(a) Existing product deformation

E: Static Structural 13.85KN

Equivalent Stress

Type: Equivalent (von-Mises) Stress - Top/Bottorn
Unit: Pa

Tirne: 1

2018-07-20 27 12:47

1.4339%8 Max
1.2746e8
1.1152e8
9.5592e7
7.966¢7
6.3728e7
4.7796e7
3186067
1.5932e7

0 Min

(b) Existing product stress

H: material change 13.85KN-1.2t
Total Deforrnation

Type: Total Deformation

Unit: m

Time: 1

2018-07-20 27T 1248

0.0020887 Max
0.0018566
0.0016245
0.0013925
0.0011604
0.00092831
0.00069623
0.00046416
0.00023208

0 Min

(c) AL5083(1.2t) deformation

H: material change 13.85KN-1.2t

Equivalent Stress

Type: Equivalent (von-Mises) Stress - Top/Bottom
Unit: Pa

Time: 1

2018-07-20 2H 1248

1.818608 Max
1616568
141448
12124e8
1.0103e8
8082507
6.0619¢7
4.0413¢7
2000667

0 Min

(d) AL5083(1.2t) stress

K: material change 13.85KN-1.5¢
Total Deformation

Type: Total Deformation

Unit: m

Time: 1

2018-07-20 23 1240

00014641 Max
0.0013192
0.0011543
000099943
000082452
0.00065962
0.00043471
0.00032081
00001649

0 Min

(e) AL5083(1.5t) deformation

K: material change 13.85KN-1.5t

Equivalent Stress

Type: Equivalent (von-Mises) Stress - Top/Bottom
Unit: Pa

Time: 1

2018-07-20 2 1249

1.535%8 Max
1.3652e8
1.1946e8
1.023%8
853257
6.826e7
5.1195¢7
3413e7
1.7065¢7

0 Min

(f) AL5083(1.5t) stress

N: material change 13.85KN- 2t
Total Deforrmation

Type: Total Deforration

Unit: m

Tirne: 1

2018-07-20 27 12:50

0.0010638 Max
0.00094563
0.00082742
0.00070922
0.00059102
0.00047281
0.00035461
0.00023641
0.0001182

0 Min

(g)AL5083(2t) deformation

N: material change 13.85KN- 2t

Equivalent Stress

Type: Equivalent (von-Mises) Stress - Top/Bottorn
Unit Pa

Time: 1

2018-07-20 @ 12550

1.1959¢8 Max

] 1 oss1es

- 9.3018e7
7.973e7

(h) AL5083(2t) stress

Q: material change 13.85KN- 2.3t
Total Deformation

Type: Total Deformation

Unit: m

Time: 1
2018-07-20 2 1251

0.00091102 Max
00008098
0.00070857
000060735
0.00050612
0.0004048
0.00030367
0.00020245
0.00010122

0 Min

(1)AL5083(2.3t) deformation

Q: material change 13.85KN- 2.3t

Equivalent Stress

Type: Equivalent (von-Misesy Stress - Top/Bottom
Unit Pa

Time: 1

2018-07-20 Q7 1252

1.0544e8 Max
9.3724¢7
8.2009€7
7.0293¢7
5.8578¢7
4696267
35147¢7
23431e7
1171667

0 Min

(j) AL5083(2.3t) stress
Fig. 8 Dash FEM finite element analysis results
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(1] 0500 1000(m)
0250 0750

Fig. 9 Dash deformation focus

Table 2 Dash weight comparison table

Design weight
() Actual | Weight .
ﬁ;:nte Exist- | Lightw weight | difference r(%z;)
ing eight (g (®
body body
%mh 6,580 3,776 3,762 2,304 43%
pr
Dash
Lwr, Lh 2,280 1,741 1,732 539 24%
Dash
Lwr, Rh 2,309 1,763 1,735 546 24%

Fig. 10 Lightweight Dash actual weight

As shown in Table 1, The dash analysis result
shows that the ALS5082 material has the same
stiffness as found in the conventional vehicle body
when it is 2t or higher; deformation is concentrated
as shown in Fig. 9.

4. Dash Weight Reduction

The weight reduction was confirmed by comparing
the designed weights of the conventional vehicle
body with the designed and actual weights of the
lightweight vehicle body. Table 2 shows the
material, thickness, and weight of the conventional
and lightweight vehicle bodies. Fig. 10 illustrates the
weight of the lightweight vehicle body.

5. Results and Discussion

This study implements equivalent stiffness using
multi-materials for dash parts of the vehicle body to
improve fuel economy in accordance with fuel
economy regulations for vehicles. We managed to
achieve a 24% lighter vehicle body weight.

1. The thickness of AL5083 was more than equal to
2t, which was used to reduce the weight of the
dash. Moreover, the analysis shows that it is
possible to achieve the same stiffness as in the
conventional vehicle body by joining ASBC1470
with adhesive and rivet.

2. Through the design using ASBC1470, and when
the thickness of Dash’s ALS5083 material is
applied with 2t or more, and it is possible to
achieve 24% weight reduction compared to the
conventional vehicle body using ASBC1470 in
designing and AL5082 with more than equal to 2t
thickness in the dash. This weight reduction is
higher than the target of 10%.
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