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Joint Design of Steel-Aluminum Power Steering Cylinder by
using FE Analysis with Cohesive Zone Model
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Abstract
An adhesively bonded power steering cylinder with a steel tube and an aluminum bracket was developed to reduce the
weight of steering systems. To achieve the joint strength between the steel tube and of the aluminum bracket, the shape
aluminum bracket re-designed by using the FE-analysis. Fracture behavior of the adhesive layer was considered by a
cohesive zone model(CZM), which is based on the two-parameter fracture phenomenon with critical stress and fracture
toughness. From the result of FE-analysis with CZM, re-designed power steering cylinder satisfied the desired joint
strength for axial and torsion modes. And its joint strength was verified by the fracture test in each mode.
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Fig. 2 Redesigned feature of adhesively bonded power
steering cylinder for light-weight
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Fig. 3 Traction-separation law in cohesive element

A7NA, o £ A7 HolH, E (=E/h)
A zbA o] st R edkske] sk FAdolth he
Ao FAoltt WA AR o F HALAT}
SH3] s EE gy WwdE A <& 24

x |r

Hoh

O¢c =2G¢ | Opnex @
oA71AM, G, = AL uylgoelrt. UnkA
o= AR ,4 Sy AEL A9 D HAG-SHo)
3 &=l os) sk E@":": 3 715
(mixed-mode fracture)S YEFHTE Ao =
CZM% o] &3lo] /= gy 7eS e esl
o B RsoA A 2 gy A 3)%

2 @yell ols) ALkE
O max + Os1 + Os2 =1 ©)

(max )| (Omax )u (T max )||

o71M, Oy, Og, © A&L20 #gate A
g2, G( Gs1+Gsz) GT(ZGn+G )= Ql
F g Ad WgelygAe] gow ALddd. & A
Fell A AREE FRE HAA czm #AE
S o1F 2 AUR o tfdt 3y ZALS Table 19

etk 28 JZAAe] fE4S ASTM
Tzl wel 483 czME Fesle] EEagln
I



Cohesive Zone Model& ©] &3 52 %3

Table 1 Fracture parameters of adhesive for CZM

Parameter Tensile (mode I) | Shear (mode II)
Elastic modulus 2.71 GPa 1.89
Critical stress 42.7 MPa 32.3 MPa
Toughness 1.089 J/m? 3.38 J/m?

Table 2 Mechanical properties of materials for power
cylinder and bracket

Power cylinder Bracket
(Steel) (Aluminum)
Elastic modulus 200 GPa 70.1 GPa

Flow stress curve | & =680.12%% | 5=521.2g%1"
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Fig. 4 Schematic model to evaluate the joint strength
of power steering cylinder for axial direction
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Fig. 5 Normal and transverse stress in adhesive layer
along the bracket length for axial loading
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Fig. 6 Variation of fracture load with increasing
bracket length, L and diameter, D
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Fig. 7 FE-model to evaluate torsional strength of
power steering cylinder
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Fig. 8 Normal and transverse stress in adhesive layer
along the bracket length for torsional loading
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Fig. 9 Variation of fracture torque with increasing
bracket length, L and diameter, D
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Fig.10 Dimensions of re-designed power steering

cylinder

(b) loading at cylinder

Fig.11 Various test method to evaluate axial mode
joint strength of power steering cylinder
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Fig.12 Load-displacement curves of axial mode joint
strength test
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(a) bending failure (b) buckling failure
Fig.13 Failure mode of power steering cylinder after
joint strength test

(a) Test toolset (b) Fractured specimen
Fig.14 Test tool to evaluate torsional joint strength of
power steering cylinder and fractured specimen
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Fig.15 Load-displacement curve of torsional joint
strength test
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