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Abstract : Recently, research on safety and weight reduction is being actively conducted due to the increase in demand for
automobiles. In addition, various types of vehicles such as sedans, coupes, wagons, and sports utility vehicles (SUVs) are
being developed to increase consumer satisfaction. Among them, as the demand for SUVs with high practicality has increased
significantly, research on parts specialized for SUVs is being actively conducted. Roof racks are parts that allow additional
cargo to be loaded outside in addition to the cargo space inside the SUV, and are essential for SUVs and are closely related
to safety and weight reduction. Therefore, in this study, the static load analysis to confirm the performance of an aluminum
integral roof rack was used to predict the load and displacement using data analysis techniques. The evaluation method is
one of the lift resistance tests, where a load is applied toward the upper part of the vehicle, maintained for a certain period of
time, and then removed to measure the elastic deformation. A verification test was conducted to verify the predicted results
and compared them with the predicted analysis results. In this way, the reliability of the analysis and test was secured, and it
is judged that the performance of the aluminum integral roof rack can be predicted through the data analysis interpretation
technique, thereby partially replacing the test in the design and development of roof rack products.
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Fig. 1 Types of roof racks and which the prediction model
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Fig. 4 Research model setting

Table 1 Hypotheses and variables setting

Hypothesis

Details

Hypothesis - 1

As the independent variable increases, displacement decreases while weight increases.

Hypothesis - 2

Design variable interaction reduces displacement but increases weight.

Hypothesis - 3

Regression coefficients mediate the relationship between independent and dependent variables.

Hypothesis - 4

Regression coefficients mediate the effects of interactions among design variables on displacement and weight.

Variables

Details

Independent Variables

Input variables that influence the roof rack design(Modeling & Thickness) are adjustable by the designer.

Dependent Variables

A variable that changes in response to the independent variable

Parameters

Regression coefficients are learned from data using machine learning algorithms.

Control Variables

Design Constraints for Stiffness Optimization(Ex. Thickness range)

Objective Variable

Minimize weight while keeping displacement within limits
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Table 2 The roof rack cross-sections and information

5ot e |

TOP Roof rack top thickness
SIDE Roof rack side thickness
SIDE RIB Side reinforcing rib

BOTTOM MAIN Bottom center thickness

BOTTOM PAD Bottom contact thickness

BOTTOM RIB Bottom reinforcing rib
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