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Abstract : The presence of uncertainty in every aspect of engineering analysis and design has been under
consideration over a long period of time. Uncertainty is associated with most of the analysis and design
of interest to engineers. The presence of uncertainty cannot be completely eliminated, but with resonable
efforts,
that provides an efficient way of sampling variables from their multivariate distributions. It was initially

its impact on the design can be appropriately managed. LHS is a stratified random procedure

developed for the purpose of Monte-Carlo simulation, efficiently selecting input variables for computer
models. LHS follows the idea of a Latin square where there is only one sample in each row and each
column. Latin hypercube generalized this concept to an arbitrary number of dimensions. For the same
reason which mentioned above, the automotive seat damper also needs statistical design approach
because it has uncertainty in design variables such as dimensions of seat damper and working fluid
property. In this paper, the torque characteristic of seat damper was simulated according to the design
variable uncertainty such as the clearance between wall and vane, inner diameter of vane and the

working-fluid properties.
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Table 1 Simulation parameters

Parameter value
Outer diameter 34 mm
Vane of Inner diameter 22 mm
rotor
Length 33 mm
Dead Advance chamber 10 mm®
volume Retard chamber 10 mm?
Angle Advance chamber € , 120 deg
width Retard chamber 6 , 0 deg
Groove Width 3 mm
orifice Maximum depth 1 mm
Between wall and vane 0.3 mm
Clearance
Between cover and vane 0.1 mm
Type Silicon oil
Density 968kg/m’
oil Absolute viscosity 87,000 cP
Bulk modulus of 10,500 bar
elasticity
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Fig. 3 Torque characteristic curve of a seat damper
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Fig. 4 Flowchart of simulation procedure
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Table 2 Design variables and statistical properties

Design Clearance
variables between Absolute Inner dia.
wall and viscosity of vane
vane 1 (cP) din(mm)

Properties 0 wan(mm)

Distribution Gaussian Gaussian Gaussian
Mean(m) 0.3 87,000 22.0
Tolerance +2.5% +2.5% +2%
Minimum 0.2925 84,825 21.56
Maximum 0.3075 89,175 22.44
Standard 0.0025 725 0.1467

deviation( o)
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