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With the advent of the era of autonomous driving, the seat frame is being developed that can move seats or lean 
back the seat back significantly to switch to a mode such as conversation or rest. In order to ensure the safety of 
passenger in these various modes, Belt in Seat with seat belts attached to the seat frames must be applied. This Belt 
in Seat is vulnerable to torsional loading as the belt fixing position attached to the existing vehicle body is changed 
to the rear of the seat cushion frame and the top of the back frame. In addition, in order to prevent twisting of the 
BIS back frame, a method of increasing the strength of the frame by adding a reinforcing frame is applied, but 
accordingly, a problem of increasing the weight occurs. Research on the optimal design for strength improvement 
and lightness of existing sheet frames has been conducted, but research on the optimal design of BIS frames 
considering torsion load is insufficient. Therefore, there is a need for a cross-sectional shape design and optimal 
design method of a frame that can satisfy the torsion minimization and weight reduction of a BIS back frame. In 
this paper suggests a light-weight optimal design method through the strength comparison analysis according to 
the cross-sectional shape of the BIS back frame under the quasi-static test law load. The parameter for improving 
the torsional strength of the BIS back frame was set to the cross-sectional shape and thickness applied to the side 
frame. Considering the shape and area of the existing frame, the cross-sectional shape and thickness were set 
within the range of three shapes and thicknesses that could be actually applied. The basic strength analysis 
applying the quasi-static test law to the finite element model according to parameter setting was performed to 
select the main design factors of cross-sectional shape and thickness. The strength optimization of the back frame 
to which the design of experiments method was applied was performed using the selected factors, and the torsional 
strain, stress, strain, and weight were compared and analyzed. As a result of the analysis, a lightweight optimal 
design method was proposed by determining the cross-sectional shape and thickness satisfying torsion 
minimization and weight reduction. It is thought that such an optimal design method can be used for the design DB 
of various BIS frames. 
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Fig. 1 Simplified belt in seat illustration 
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