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Abstract: The feeling that is evoked when products are handled has become increasingly important in the design of products
primarily used by humans. In the traditional product design process, prototypes are built several times in order to evaluate the feeling
evoked during use. However, these design processes can be optimized by adopting a haptic simulator that can serve as a prototype.
The design method based on the use of the haptic simulator is called haptics-aided design (HAD), which is the main subject of this
paper. Here, a new HAD method that can be effectively used to design a custom-made chair is proposed. A haptic simulator, which is
composed of a haptic chair and an intuitive graphical user interface, was developed. The simulator can adjust the impedance of the
backrest and seat pan of a chair in real time. The haptic chair was used instead of real prototypes in order to evaluate the comfort of
the initially designed seat pan and backrest on the basis of their stiffness and damping values. It was shown that the HAD method
can be effectively used to design a custom-made chair and can be extended to other product design processes.
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Fig. 1 Haptic chair controller and GUI
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Fig. 2 Model of the chair.
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Fig. 3 Relationship of torque-backrest angle.
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Fig. 4 Plot of HP: (a) torque-angle-velocity relationship,
and (b) toque-angle relationship
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Table 1 Variables and related HP’s characteristics.
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h

Related HP’s characteristics
Slope & intercept
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Fig. 5 Adjustment of HP’s characteristics
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Table 2 Indexes describing force-deflection curve

of foam
Items Definitions
Initial hardness N o
A factor (THF) 25%IFD / 5%IFD
B Indentation modulus [(40%IFD - 20%IFD
(M) / 20%IFD)
C | Support factor (SF) | 65%IFD / 25%IFD
D Modulus irregularity 2*20%IFD-
factor (MIF) 40%IFD
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Fig. 7 Measured indentation force deflection (IFD)
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Table 3 Characteristics of comfortable seat pan HAD
Items Values User gg?p?;%ii @ > iil:;:acd
Initial hardness factor (THF) ~1.43 o HP g;) Eeig{’ik
Modulus irregularity factor (MIF) ~ 150 Product Product /Ev;luation
redesign Adjust HP
Support factor (SF) ~3.00
Indentation modulus (IM) ~0.43 Fig. 10 A HAD scheme for improve product design
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