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With the development of science and technology as
well as the diversification and individualization of mar-
ket demand, modern products update more and more
rapidly. The rapid development of new products to sat-
isfy the increasingly improved and personalized cus-
tomer demands greatly depends on the progress in the
innovative design theory and performance optimization
method. In this situation, scholars all over the world in
the field of mechanical engineering have recently con-
ducted a great deal of research work on the innovative
design of products, development of innovative mecha-
nisms and machines, performance analysis and optimiza-
tion methods for complex products, and so on. Accord-
ingly, significant progress has been made in the field.

Thus, we issue a special issue column in Chinese Jour-
nal of Mechanical Engineering (CJME) on Innovative
Design of Complex Products. The aim of this special
issue is to provide an overview of current research on
the new theories and methods for the innovative design
and performance optimization of complex products as
well as the latest developed innovative mechanisms and
machines. As a result of this Call for Papers, over 30 full-
length papers were submitted, which passed all rounds
of anonymous review processes typical for the Chinese
Journal of Mechanical Engineering. Twelve papers were
accepted and included in this special issue.

Product innovation is the creation of new con-
cepts to plan and realize technological and functional
details in the product to satisfy market and customer
demands, which needs a cognitive design method based
on the demands of various customers for the produc-
tion personalization. Although open-architecture prod-
uct (OAP) can improve the production personalization
and lead to the massive production innovation, there is
still a lack of effective methods for developing OAPs. To
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overcome this difficulty, Peng et al. introduce an adapta-
ble design method for OAPs to meet the product person-
alization, which provides solutions for planning modules
and implementation of OAPs. Jia et al. propose a patent-
able ideation framework for achieving more patentable
ideas in analogy-based design and suggest three heuris-
tics for searching the set of candidate target systems with
similar design problem where the source design can be
transferred.

Also, great efforts have been made to develop new
mechanisms and machines in recent years. For example,
Yang et al. develop a kind of triangular prism mast (TPM)
with tape-spring hyperelastic (TSH) hinges and establish
the theoretical model of stretching and compression stift-
ness. They also investigate the influence of thickness, sec-
tion angle and radius based on TPM finite element model
and parameter study, and verify the precision of theoreti-
cal and finite element models. Qiao et al. develop a light-
weight, less driven under-actuated robotic hand to realize
on-orbit capture in space and propose a new analysis
method for configuring the number of knuckles of finger
by taking the maximum grasping space into account. He
et al. conduct a comparative study on a group of flexure
mechanisms with different degree of symmetry (DoS),
which are synthesized based on freedom and constraint
topology method. Sun et al. propose a unified and sys-
tematic approach for the topology design and kinematic
analysis of parallel kinematic machines (PKMs) based on
finite and instantaneous screw theory, which enables the
implementation of analytical description, formulation
and operation for both finite and instantaneous motions
by the same mathematical tool and can be utilized in the
innovative design of different kinds of PKMs.

For the purpose of ensuring the performance and pre-
cision of newly developed products, we often need to
analyze their static and dynamic characteristics in design
phase. For instance, Zhou et al. present a complete design
process of vehicle powertrain mounting system including
the vibration decoupling, vibration simulation analysis,
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topology optimization and experimental verification in
order to improve the vibration isolation performance
and dynamic characteristics of the mounting system.
Duan et al. numerically investigate the flow-induced
vibration of planar elastic tube bundle based on a two-
way fluid—structure interaction calculation, and draw the
conclusion that the vibration of out-of-plane is the main
vibration form with the typically sinusoidal behavior and
that the vibration balance position and amplitude are
susceptible to the fluid velocity.

Manufacturing and assembling errors are indispensi-
ble in engineering practice, which need to be considered
and analyzed to ensure the performance and preci-
sion of products. Liu et al. propose an error equivalent
model of revolute joints considering both radial and axial
clearances for investigating the pointing accuracy of the
antenna pointing mechanisms. Yuan et al. develop a pre-
cisely generalized finite element model of helical gear
system to investigate the influences of manufacturing
errors including short term and long term components
on the quasi-static and dynamic behaviors of the system,
and conclude that both of these manufacturing errors
have notable influence on mesh stiffness, loaded static
transmission error and loaded composite mesh error of
helical gears.

Structural optimization approaches aimed at improv-
ing the mechanical performance of complex products
and reducing manufacturing cost are also proposed. For
example, Ma et al. put forward a light-weight design
method for the force-performance-structure of complex
parts based on collaborative optimization of structural
topology and size. Cheng et al. propose a new method
for evaluating the feasibility and objective robustness of
uncertain structures based on the new concept of inter-
val violation vector, and realize the robust optimization
of uncertain structures with interval parameters based on
Kriging technique and nested genetic algorithm.

In summary, this issue attempts to provide the lat-
est research achievements about the innovative design
of complex products, including the general theories and
methods for innovative design, innovative development
and mechanical analysis of complex products, perfor-
mance analysis and optimization considering indispensi-
ble errors and so on. All of these research achievements
promote the progress of mechanical engineering and the
emergence of new products. The Guest Editor greatly
appreciates the authors’ excellent contributions to this
special issue and the anonymous reviewers’ suggestions
on the papers.
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