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Abstract: The weight reduction design process of tension links could be studied based on the variation of
tension, bending and torsional stiffness after substituting STKM11A steels with aluminum alloys (A356) with
tensile strength of 245 MPa. The existed I-beam type link component may have a weak point for loads applied
from a special direction. Therefore, it was investigated to the optimal shape of the link component that could
withstand loads from all directions and at the same time reduce weight. Various types of link shapes were
designed and analyzed, and the optimized shape was found. The optimized design can reduce over 40% of the
original steel link weight, and it could be suggested for light-weight design guides and safe design conditions
for the development of tension links.
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Fig. 1 Tension link of the rear suspension module
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Fig. 2 Tension link (conventional steel) model
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Table 1 Mechanical properties

STKM11A A356
Young's modulus 200.0 GPa 71.0 GPa
Poisson's ratio 0.30 0.33
Density 7.85 glem® 2.77 glem®
Yield strength 305.0 MPa 160.0 MPa
Ultimate strength 440.0 MPa 245.0 MPa

Fix

10 kN)

(a) Tension load (Applied force :

| Force

(b) Bending load (Applied force : 10 kN)

(c) Torsional load (Applied angle : 1°)

Fig. 3 Boundary conditions of tension link
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Table 2 Comparison between conventional and
various weight reduction model

Tension Bending Torsion Weicht
stiffness stiffness stiffness ( ';:”
(kN/mm) | (kKN/mm) | (KNmm) | =2
Conventional
model(steel) 14.6 0.38 117.1 895
24.7 0.91 40.9 349
I-beam(Al)
169.0% 239.0% 35.0% 39.0%
14.2 0.49 9.8 349
H-beam(Al)
97.1% 128.9% 8.4% 39.0%
11.6 0.36 152 349
+ beam(Al)
79.1% 94.7% 13.0% 39.0%

(a) I-beam (b) H-beam

(c) +beam

Fig. 4 Basic type design of A356 tension link
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Solid Rectangular I-Beam with X-Rib I-Beam with I-Rib

I-Beam with I-Beam with
Cross-Rib Cross-Rib with fillet

W\

[-Beam with V-Rib I-Beam with

Reverse V-Rib H-Beam with |-Rib

+-Beam with

+-Beam with
Circle Reinforcement Ellipse Reinforcement

Fig. 5 Various design of A356 tension link
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Table 3 Analysis results of various A356 weight

reduction model

Tension Bending Torsion Weisht
stiffness stiffness stiffness ( 1%
(kN/mm) | (kN/mm) | (kN/mm) &
Conventional
model(steel) 14.6 0.38 117.11 895
Solid
308.4% | 3658% | 209.5% | 77.0%
rectangular
% 201.0% | 2632% | 176.0% | 49.0%
I-Beam with 12 30 1 550,00 157% | 43.0%
I-Rib
[Beam with | o) 200 | 250.0% 17.5% | 46.0%
Cross-Rib

I-Beam with
Cross-Rib with | 211.4% 265.8% 47.2% 49.6%
fillet

I-Beam with

0, 0, 0, 0,
reverse V-Rib 199.9% 268.4% 44.9% 49.6%

H-Beam with |, 56 900 | 200.0% 121% | 49.5%
I-Rib
+ Beam with
circle 105.3% 128.9% 59.3% 49.6%
reinforcement

+ Beam with

ellipse 104.6% 128.9% 66.0% 49.6%
reinforcement
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(c) Steel and aluminum link under torsion load

Fig. 6 Stress contour of steel and aluminum link after CAE simulation under (a) tension, (b) bending

and (c) load®
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