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Abstract

The design of handheld products needs to achieve a balance between aesthetic form and functional
rationality, with the grip area serving as a key human-machine interaction interface that directly
affects user comfort. This study aims to explore the ergonomic constraints between grip comfort and
product design in handheld products, in order to optimize the product’s tactile feel and enhance user
experience. First, an ergonomic analysis is conducted based on the design principles and grip methods
of handheld products; second, starting from user perceptual characteristics and combining hand com-
fort zones with upper limb joint range of motion, surface electromyography (sEMG) technology is used
to analyze the forearm muscles’ response during gripping to obtain a design basis for grip angles; next,
based on user behavioral characteristics and using an intelligent stethoscope as the research subject,
the SAPAD model is applied to analyze the meaning of grip behavior at the syntactic, experiential, and
semantic levels, translating it into design elements; finally, design practice is conducted based on ergo-
nomic constraints and objectively evaluated through virtual simulation. This study quantifies users’
physiological and behavioral responses during gripping through physiological measurements and
statistical analysis, combined with qualitative analysis, providing new ideas for ergonomic optimization
of grip comfort in handheld products, which is significant for improving tactile experience, enhancing
product emotional value, and reducing usage risks.
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Figure 1. China healthcare expenditure diagram (Source: Toubao Entry)
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Figure 2. Experimental test model
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