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Module formulation for adaptable-function mechanical product design
with a dual-stage decoupling approach

HUANG Hua', DENG Yimin®
( 1.Faculty of Mechanical Engineering & Mechanics, Ningbo University, Ningbo 315211, China;
2.Zhejiang Provincial Key Laboratory of Part Rolling Technology, Ningbo 315211, China )

Abstract: The adaptable-function mechanical product is a kind of integrated and multi-functional product, hence
is comparatively more suited to applying modular design method. However, each function of such product has
corresponding private components, together with a certain number of shared components, causing various
degrees of coupling between functions, as well as between customer requirements. As such, the traditional
method for module formulation, by simply solving the coupling between components, has shown some
difficulties. To tackle this problem, a dual-stage decoupling method for the formulation of modules specifically
for the adaptable-function mechanical product design is proposed. In the first stage, the customer requirements
related to product functions are decoupled by introducing the customer demand DSM (design structure matrix),
so0 as to solve the problem of neglecting the decoupling of customer requirements with the traditional method. In
the second stage, by introducing the demand structure incidence matrix and the component DSM, the decoupling
of structural components is accomplished by exploiting the internal correlation relationship of components, and
the module formulation schemes with high coupling within modules and low coupling between modules are
obtained. After that, by introducing the evaluation standard of modularity index, the possible problems caused by
the deviation between product module aggregation degree and module coupling degree are solved, and the
optimal module formulation scheme is identified. Finally, a multi-functional electric drill case is studied to verify
the feasibility of the proposed two-stage decoupling based method for module formulation.

Key words: adaptable function; customer demand; dual-stage decoupling; module formulation
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