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Light-Weight Design of Automotive Knuckle by Using CAE
(Computer Aided Engineering)

Kee Joo Kim
Department of Mechatronics Engineering, Tongmyung University
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Abstract Increasing fuel economy and reducing air pollution have been unavoidable issues in the development of
new cars, and one of the important methods is decreasing vehicle weight. Weight can be reduced by using lightweight
materials such as aluminum alloy. Dynamic stiffness analysis was performed and compared for different materials for
the knuckle for a car. The dynamic stiffness of 6061 aluminum alloy was about 30% higher than that of FCD600
cast iron. Usually, materials that have high dynamic stiffness show excellent vibration resistance because the dynamic
stiffness can affect the vibration characteristics. In order to design a lighter and more reliable chassis component using
6061 aluminum alloy (AA6061-T6), a new knuckle shape is suggested by adding section ribs to an existing knuckle
model. The effect of each design change on the reliability and component weight was investigated using computer
aided engineering (CAE).
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(b) Rear suspension module

Fig. 1. Front and rear suspension module (a) front
suspension module and (b) rear suspension
module.
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Fig. 2. Front suspension module including knuckle,
upper control arm and lower control arm..
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Table 1. Chemical Composition (wt.%) of FCD600
materials
C Si | Mn P S Mg | Bal(wt.%)
2.5 2.2 0.3 <0.1 | <0.02| 0.03 Remnant

Table 2. Chemical Composition (wt.%) of AA606-T6

Si Fe Cu Mn Mg Cr Bal.(wt.%)
0.4 0.7 0.15 | <0.15 1.2 0.35 Remnant
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Table 3. Mechanical properties of FCD600 and AA6061

materials
Spec. FCD600 AA6061
Tensile Strength (MPa) 600 310
Yield Strength (MPa) 370 270
Elongation (%) 3 8
Young’s Modulus (GPa) 200 71
Density (g/om) 7.86 272
3. 142 siMzEn 2 oy
Table 40l Ap PAAFE edste] LS F-50 7}
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Table 4. Loading conditions of front suspension [2].

Load Case X Y z

Bump 44¢g

Pothole Braking (PHB) 3g 3g
Kerb Strike (KS) 2g 1.5g
Reverse Kerb Strike (RKS) 1.5¢ 2g

@ 1g=1,000kgf
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C-::___ L Kerb Strike
e
X
v
Y/

Fig. 3. Example of loading condition in kerb strike (KS).

Fig. 49 6061 0% FFHAAGO6]) R HAH
yg 2de] A4 Jepgitt s Aas & FHoF
2o1E yehd 4 von-Mises stress& Ztgte] 1
g o2 JehfgEd 180l von-Mises stress 3tz
et 9= SR FAI8H

0] =
AT



R4S &8 =EA) AT A9B, 2016

(a) 4.4g Bump

(d) Reverse kerb strike (RKS)

Fig. 4. Strength analysis results of current knuckle

following as various loading conditions.
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Table 5. Strength analysis results of knuckle made by
FCD600 materials

Load Case Bump PHB KS RKS
Stress (MPa) 101 220 193 144
Displacement(mm) 0.035 0.136 0.567 0.429

Table 6. Strength analysis results of knuckle made by
AA6061-T6 materials

Load Case Bump PHB KS RKS
Stress (MPa) 97.1 211 137 114

0.043 0.144 0.622 0.478
(81.4%) | (94.4%) | (91.2%) | (94.9%)

Displacement(mm)
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Fig. 5. Dynamic stiffness analysis results of knuckle
(FCD600 material).
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Fig. 6. Dynamic stiffness analysis results of knuckle
(AA6061-T6 material).
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Table 7. Dynamic stiffness results (natural frequuency)
of knuckle made by FCD600 and AA6061-T6

materials
Mode AAGO61 FCD600 (Ir];:“::k;l)

1 4143 281.6 47% 1

2 604.5 519.1 16% 1

3 1,0784 832.9 29% 1

4 1,414.6 1,108.9 27% 1

5 1,917.7 1,293.2 48% 1

6 2,408 1,698.8 31% 1

7 2382.5 1,835 29% 1

8 2598.3 1967.0 32% 1

9 2910.7 2,111.1 37% 1

10 3191.1 23788 34% 1
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FCD Caselron Knuckle
(Mass : 7,12kg)

Al alloy Knuckle S
ketch Model

AAGO61 Knuckle Model
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Fig. 7. Design change of knuckle in case between made
by FCD case iron and AA6061-T7 materials.

Fig. 8. Prototype of knuckle made by AA6061-T7
materials.
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