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A Study on the Damping Force Characteristic Variations
of the Automotive Shock Absorber for the Uncertainty of
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Abstract : The main functions of automotive suspension system are to support the body of car and provide

reasonable riding comfort for the passenger.

The performance of a shock absorber determines the

characteristics of the suspension system. Especially, riding comfort and handling performance of a vehicle
are mainly determined by the damping characteristic of the shock absorbers, but the uncertainty in design
variable affects the performance of shock absorber strongly. The statistical computer simulations are the
most common approach to study problems of uncertainty quantification. Since the automotive shock absorber
also has uncertainty in design variables, it also needs statistical design approach. In this paper, the effects of
design variable uncertainty for the performance of shock absorber was simulated with Latin hypercube

sampling method.
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Table 1 Simulation parameters

No Parameter Value
Piston Blow-off Cracking pressure 10bar
1| valve valve P-Q gradient 0.9L/min/bar
assembly ['Bleed valve | Diameter of orifice 1.5mm
Body Blow-off Cracking pressure 10bar
2| valve valve P-Q gradient 0.9L/min/bar
assembly ['Bloed valve | Diameter of orifice 1.0mm
3 Diameter of piston 32mm
4 Diameter of piston rod 18mm
5 Diameter of inner tube 36mm
6 Diameter of outer tube 47mm
7 Initial volume of rebound chamber 70e+3mm’
8 Initial volume of compression chamber 100e+3mm’
9 Initial volume of reservoir chamber 120e+3mm’
10 Sinusoid input signal +40mm, 4Hz
11 Hydraulic oil density 850kg/m’
12 Hydraulic oil bulk modulus 17,000bar
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Fig. 4 Simulation results of F-V and F-S curve
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Select simulation conditions :
+ input variables
+ output variables
+ statistic property of inputs
- Distribution type
- Mean value & standard deviation
+ Number of runs

1
{ Calculating input variables }

using LHS(Latin hypercube sampling)

I

)
Run AMESim simulation model
(Automotive shock absorber)

response surface)

« Plots(history plot, histogram, scatter plot,
+ Statistics results

End

Fig. 5 Simulation procedure of statistical analysis

for the automotive shock absorber

Table 2 Design and response variables

M Design variables

Standard

Variables Distribution | Mean | .o

Blow-off valve cracking
pressure of piston X1
valve(bar)

Blow-off valve P-Q
gradient of piston X2
valve(L/min/bar)

Gaussian 10 1

Gaussian 0.9 0.09

Blow-off valve cracking
pressure of body X3
valve(bar)

Blow-off valve P-Q
gradient of body X4
valve(L/min/bar)

Gaussian 10 1

Gaussian 0.9 0.09

Bleed valve equivalent
diameter of piston X5
valve(mm)

Gaussian 1.5 0.15

Bleed valve equivalent
diameter of body X6
valve(mm)

Gaussian 1 0.1

B Response variables

Description

Maximum damping force at compression stroke(N) | Rl

Maximum damping force at rebound stroke(N) R2

Damping force at blow-off point(N) R3
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Fig. 7 Scatter plots between design variables

Table 3 Statistical results of design variables

ngizt%lré s Mean ggi?;?;i Skewness | Kurtosis
X1 10 0.997 -2.026e-14 -0.072
X2 0.9 0.0898 -1.198e-14 -0.062
X3 10 0.997 1.12e-15 -0.070
X4 0.9 0.089 23le-14 -0.061
X5 1.5 0.149 -5.793e-15 -0.071
X6 1 0.099 -1.393¢-14 -0.072
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Damping force at blow-off point
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Fig. 10 Histogram of response variables

Table 4 Statistical result of response variables

izsr?fﬁiz Mean Séi?i?;i Skewness | Kurtosis
R1 1023.14 45.67 0.294 -0.386
R2 2171.53 177.44 0.424 -0.049
R3 370.75 29.13 -0.030 0.007
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