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The Design of a Hybrid Composite Strut Tower for Improving Impact
Resistance and Light-weight

Hyun Chul Lee*, Hyun Ju Oh**, Seong Su Kim**"

ABSTRACT: Hybrid composite strut tower was designed to prevent permanent deformation of upper mount by the
impact from the uneven road. When exceeding energy absorption capacity of tire and suspension systems, residual
impact is delivered to upper mount. Especially, in case of using high-rigidity suspension system for high driving
performance, the conventional strut tower can be easily deformed due to reduction of energy absorption capacity of
suspension systems. In this study, optimal design of hybrid composite strut tower which made of back-up metal and
carbon fiber reinforced composite was suggested by using finite element analysis, and low velocity impact test was
performed to investigate their dynamic characteristics. Also, 3D measuring and ultra c-scanning methods were carried
out to diagnose damages in the strut towers.
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(a) 3D modeling for FE-Analysis
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<Mechanical joint > <Adhesive joint >

(D Normal condition @ Mechanical joint

(b) Stress distribution

Fig. 2. Results of FE-Analysis for comparison of efficiency.
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Table 1. Max. stress and Max. displacement

Tye Normal | Mechanical | Adhesive
P condition joint Joint
Max. stress (MPa) 473 384 70
Max. displacement (mm) 1.57 0.59 0.06

& 4= Qlth. Table 1 7} 7o tfato] AES EFgfof
A HdioE B RS HERH oA Ao o3 R W &
= AR AEAE Hskale A 7IAE 2
SHFAS e S uj H o) o) 3fo] ZHZ) 82%, 90% A
shalet. wEbA] 71 A Ak %ﬁi 70* UHEE Bt a st

A o] W] sko] T A 3]

il

r
o)
b
=
(it
S~
i

4

. SNz 74N 24

Ao At Stol el = 2E Ehele] AAS 915

5 F50) melxg 0% Agstdon et 2o
Carbon/phenolic 8-harness satin weave(Hankuk fiber)= o
= mAo] PAN Al T300 gHAA-0of 73] Q14dS 74314
717] §13t A o2 8 wt%d] 7HEEHS I Aol
Unidirectional carbon/epoxy+= Pitch A& 2] 1714 g44
9} Bisphenol-AZ o] | EA] WAz o] 2o#] SIc.

fetas A4S 9ste] BaG BAARO) A4 2
2& 7k7ke] ASTM 72 o] Zako] ZAE gl o 0] 1 A3}
= Table 20 Lpeh it

Table 2. The mechanical properties of the carbon/phenolic and
carbon/epoxy composites

Through-
thickness

(3)
Tensile modulus (GPa)| 50.7 | 73.2 14.3
Tensile strength (MPa) | 433 | 540 17.2

Weft | Warp

Materials (1) 2

Carbon/phe- -
nolic (llvc[)lr)npresswe strength 1 | 264 809
8-harness (MPa)
satin weave Poissords ratio Viz Vis Va3
i i

(Hankuk fiber), 0.05 | 0.21 0.2

Material cost: G G
12 13

$104.60 Shear modulus (GPa)

5.77 3.75
Shear strength (MPa) 75 17.5

Longitudinal 380

Tensile modulus

Unidirectional | (GPa) Transverse >1
carbon/epoxy Shear 5.53
(SK chemical), ) Longitudinal 1500
Material cost: | Tensile strength Transverse p
$16520 | (MPa)
Shear 40
Poisson’s ratio 0.3
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where, R: the tire radius
h: the height of the bump or pothole
I: the length of the bump or pothole
V: the initial velocity
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(a) The schematic diagram used to calculate the velocity change

Force

Fnax

Time

1/2t t
(b) The maximum force in the force-time curve

Fig. 3. A simple dynamic calculation.
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(a) The configuration of strut tower

Bolt joint

Strut tower

Symmetry
3

Symmetry
1 0%

2

(b) The 3-D model

Fig. 4. The commercial strut tower for FE-Analysis.
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Stress = f{(t, v)

Materials cost = g(t, v)
Minimize Z(f(t, v) + g(t, v))
Subject to 0<t<t,,, 0<v<1

where, t: the total thickness of the composite part
v: the volume ratio of the carbon/phenolic and car-
bon/epoxy
t . the maximum thickness to satisfy the weight

reduction constraint
A4S BEAR) A A b)) wet wskshe Ho)g
| A mHl gL T WS AUne /1A E Hije)
25412 4= glow olo] nhE BAakets theat 2t
Objective function = Z(of(t, v)/f, .+ (1 — a)g(t, v))
0 <flt, V/f <1, 0<g(t, v)/gna <1
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where, o: the weight factor
Jnay: the maximum stress under the yield strength
of the steel

oy the maximum materials cost
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o [T~ Lift and separator

LM shaft

|, Mass

Photo detection bar — = o
== Force

Photo electric sensor —4—1

n
Strut tower I~ Shock absorber

i~ Rubber pad

[=

(a) A schematic of the guided drop weight impact tester.

(b) The composite front plate and the hot-rolled steel back-up plate

Fig. 5. The drop weight impact tester and hybrid strut tower.
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E = mgh

where, E: the impact energy
m: the total mass
g the acceleration of gravity
h: the drop height

(a)

(b) A-l

e
i = J
A2
Fig. 6. The 3-D measurement results of the hot-rolled steel strut
tower: (a) touch trigger probes pathways, (b) plastic
deflection in the area around the bolt joint of the ho-
rolled stell strut tower (A-1: after, A-2: before).

v(t) = Jﬁf}%)dﬁvo

E(t) = Jﬁ F(t)v(t)dt

where, F: the measured force
m: the mass of the impactor
v: the velocity of the impactor
E: the total energy
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Table 3. Maximum stress and materials cost respect to stacking sequence
Stacking sequence Thickness (mm) CP volume (%) CE volume (%) Max. stress (MPa) Cost ($)
[(0/90),,(0/90), . 1.6 375 62.5 298 15.80
[0/90/0/90/0/ 90]53Cp 1.8 100.0 - 289 11.30
[0/90/0/90], ., 2.0 - 100 216 21.10
[(0/90),, /(0/90/0), ] 2.1 28.6 714 202 21.80
[(0/90/0).,/(0/90), ,/(0/90/0),] 2.1 28.6 714 201 21.80
[(0/90),,..,/(0/90/90/0),] 22 54.5 455 187 19.60
[(0/90)./(0/90),,..,/(90/0), ] 22 54,5 455 250 19.60
[0/90/0/90]28)Cp 24 100 - 195 15.10
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Fig. 8. The force and energy histories of the impact test: (a) the
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Fig. 9. The ultrasonic C-scan images of the hybrid strut tower
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