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How the Pillars of a Great Power Achieve Overall Catch-up in
Complex Technical System: A Longitudinal Case Study of

China’s Nuclear Power Reactor Core

XU Hui', LU Yi-bin',LI Yang', WANG Ye’

(1.Business School, Nankai University, Tianjin,300071, China;

2.China National Nuclear Corporation, Beijing, 100822, China)
Abstract: In the forging journey of China’s “Pillars of a Great Power” , the nuclear industry is one of the few industries
that has achieved complete autonomy and control in key technological links.Under the difficult situation of weak technology
accumulation and lack of independent innovation ability, the Complex Technical Systems represented by the “177 Core”
has realized the transition from backward to leading position, and formed a unique path of technological breakthrough.
However, there is a lack of theoretical explanation for the breakthrough process of nuclear core technology in China.Based
on the longitudinal analysis of the technological breakthrough process of “177 core”, the core component of HPR1000,
this paper explores and then forms the theoretical model of the path mechanism of technological breakthrough of Complex
Technical System.

The research findings of this paper are as follows. First of all, the technological breakthrough path of the Complex
Technical System has significant nonlinear and discontinuous characteristics, which goes through two processes of
“potential energy accumulation” and “kinetic energy release”. “Potential energy accumulation” is a long cyclic iterative
process, and “kinetic energy release” is a rapid unidirectional evolution process. Secondly, from the perspective of
technological trajectory characteristics, the interactive relationship between autonomous technological trajectory and
external technological trajectory has undergone a change from “attachment” to “detachment”. Thirdly, the Complex
Technical System realizes the non-continuous transition from circular iteration to unidirectional evolution through the
internal mechanism of innovation-driven factor transformation, innovation-leading power replacement, and technology
system reorientation.

The main contributions of this study are reflected in the following three aspects: Firstly, this paper constructs a
theoretical model of technological breakthroughs in Complex Technical System.Based on the perspective of technological
trajectory theory, this paper deconstructs the nonlinear technological breakthrough path that conforms to the Complex
Technical System of “Pillars of a Great Power” , and enriches the theoretical perspective of related research on Complex
Technical System.Secondly, this paper focuses on the micro dimension of technological trajectory characteristics, and
deeply describes the dynamic evolution process of technological trajectory characteristics of Complex Technical Systems by
refining the changes of the interaction relationship between Complex Technical Systems and external technologies in
different processes. Thirdly, this paper deconstructs the internal mechanism of the discontinuous transition of the
technological breakthrough path of the Complex Technical System, It makes up for the theoretical gap that the current
technological trajectory theory pays insufficient attention to the internal mechanism of technological trajectory transition.At
the same time, it also makes up for the research gap that the existing research only pays attention to the discussion within
the process, but pays less attention to the internal mechanism of the connection between the processes.

Lastly , this study outlines several managerial implications. The first recommendation is about the construction of
national R&D system and industrial ecology and the strengthening of industrial chain.China should take the research and
development of Complex Technical System as an opportunity to lead the common development of the upstream and
downstream whole industry chain. The second recommendation is about national macro-policy. The government should
respect the long-term objective law of technological breakthroughs in Complex Technical Systems and provide long-term
and stable policy support for technological innovation activities.The third recommendation is about how to break the low-
end lock-in and path dependence. China should form an independent technology system through the creation of the
underlying technology.The fourth is about the civil-military integration.It is necessary to give full play to the rapid iteration
and efficient advantages of civil technology and realize the rolling development of military and civilian technology.

Key Words: pillars of a great power; core of nuclear power plant; complex technical system; technological breakthrough;
technological trajectory theory
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