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SQC and Digital Engineering
— Technological Trends in Design Parameter Optimization and Current Issues —

B M [ 24
Mutsumi YOSHINO Ken NISHINA

From the early developmental stage of SQC, various types of design parameter optimization have been
undertaken through statistical techniques. The most common procedure was to select the optimal level according
to the results of an experiment, in which a set of design parameters were allocated and tested in a multi level -
based design of experiments. As parameter optimization procedures, a combination of response surface modeling
and the operation research method has been employed to estimate the optimum value among parameter levels.
Approximately ten years ago response surface methodology-based optimization support software made its first
appearance, enabling simultaneous optimization of multidisciplinary responses. This evolved into robust
optimization featuring simultaneous optimization of the mean and variability of the responses. In recent years,
simulation-based design parameter optimization has been extensively conducted, replacing actual experiments.
However, it has never been free of problems.

In this paper, methodologies relating to simulation-based robust optimization are reviewed. In addition,
simulation data and actual experimental results are compared to highlight the peculiarities of the characteristic
values derived from such simulations in order to present the current issues inherent in modern technologies.
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Table 1 Parameter list of RC-car

Chassis parameter Abbr. MIN MAX MEAN
Weight (kg) Sz 1.2 1.8 1.5
Tire grip (G)| TG 1.28 1.92 1.6
Weight ratio of traction wheels KH 0.8 1.2 1
Diameter of driving wheel (mm) KC 56 84 70
Gear ratio GR 2.0 6.0 4.0
Gear efficiency GK 0.68 1.02 0.85
Rolling resistance coefficient KT 0.0528 0.0792 0.066
Apparent weight of rotation (kg) KS 0.18 0.27 0.225
Loading ration on braking wheel SK SK=KK
Decrease of load on braking wheel SuU 0.56 0.84 0.7
Loading ratio on front wheel ZK ZK=1-KK
Loading ratio on rear wheel KK 0.4 0.6 0.5
Aerodynamic parameter Abbr. MIN MAX MEAN
Drag coefficient (CD) CD 0.294 0.788 0.541
Front projection area (m”2) zT 0.0191 0.0224 | 0.02075
Lift coefficient on braking wheel (Cl) SD SD=KD
Lift coefficient on front wheel (CIf) ZD -0.032 0.186 0.077
Lift coefficient on rear wheel (Clr) KD 0.082 0.84 0.461
Motor power Abbr. MIN MAX MEAN
Maximum speed (r/min) MR 16500 23700 20100
Maximum torque (kg-cm) MT 1.73 1.98 1.855
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Investigation: RC_Car(One Object Optimization)Results (MLR)
4D Response Surface of Time
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Fig. 5 Response surface of lap-time
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Fig. 6 Measurement of error response
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Investigation: RC_Car(Two Object Optimization)Results (MLR)
4D Response Surface of Time Tolerance
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Fig. 11 Screen image of multi-objective optimization software
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