
MECHATRONICS ENGINEERING ROVING INTO NEW REALMS

MATERIALS
SCIENCE

CONVERTING MATERIAL 
KNOWLEDGE TO STRENGTH

Renowned for its research on robots and mechatronics, 
mechanical design, and ultraprecision and micro/nano 
manufacturing, HIT’s School of Mechatronics Engineering 
(SME) is credited for signifi cant contributions to major national 
projects, ranging from manned spacefl ight and deep space 
exploration to nuclear energy breakthroughs.

Housing the State Key Laboratory of Robotics and Systems, 
SME has established strength in robotics research. As early as 
1985, a team led by SME’s Hegao Cai, a member of the Chinese 
Academy of Engineering (CAE), developed the country’s fi rst 
industrial robot, Huayu-1. In 2013, the SME team developed 
China’s fi rst space robot. The technology has been successfully 
applied to the Shiyan-7 satellite, and the Tiangong-2 space 
laboratory. The current focus is on a manipulator system for 
the experimental cabin of the Chinese Space Station.

Substantial progress has also been made by CAE member, 
Zongquan Deng, on planetary rover mobility systems. His team 
constructed the topological atlas database for suspension 
confi guration, and established a slip-sinkage terramechanics 
model for studying wheel-terrain interaction, solving the 
challenges of planetary rovers’ obstacle negotiation and 
prevention of wheels from being stuck. Their confi guration of 
the six-wheeled rocker-bogie suspension and elastic wire-
mesh wheels, along with their level-swing linkage transfer 
mechanism, were used in China’s lunar rovers. They also 
designed an active-passive composite mobility system and a 
transfer mechanism for China’s Mars rover.

SME’s research also contributes to inertial confi nement 
fusion (ICF), a technique for producing fusion power by 
compressing and heating hydrogen isotopes with powerful 
laser beams. To withstand this, optical devices for the laser 
system need to have ultra-clean and super smooth surfaces. A 
SME team has developed a series of ultra-precision machine 
tools to process elements inside the optical assemblies. They 
are now using their ultra-clean processing method to develop a 
highly precise optics assembly for higher-power laser systems, 
leading to potential breakthrough opportunities in ICF.

HIT’s School of Materials Science and Engineering (SMSE) is 
a leading institution in metallic materials. Since its founding 
in 1952, it has produced many valued researchers whose 
contributions to industry range from aerospace and aviation, to 
automobile and communications.

Home to three national key laboratories, on advanced welding 
and joining technologies, precision hot processing of metals, and 
space environment materials behaviour and evaluation, SMSE 
has established a comprehensive research programme linking 
materials design, performance evaluation, process optimization, 
and equipment development. Focusing on high-performance 
structural materials, functional materials, composite materials, 
space materials and their evaluation, it has made a series of 
important breakthroughs. 

Results of SMSE researchers are demonstrated in high 
quality welding of new-generation rocket engine chambers, 
welding of large, thin-walled shells, aluminum alloys for 
Tiangong space stations, and laser welding of the large aircraft 
side wall of C919. The team also explored frontier technologies, 
including electron beam welding of pure niobium for 
superconducting accelerators, micro-joining and nano-joining 
for electronic packaging and for nano-ink printing of fl exible 
electronic devices.

Another SMSE team has prepared metal and ceramic matrix 
composites with controlled microstruture, stable performance, 
short processing cycles and that are inexpensive to make. A 
novel antenna-window cover plate and other structures were 
developed from these composites, which could have applications 
in aircraft and spacecraft.

SMSE researchers have also made breakthroughs in novel 
technologies including high-pressure fl uid forming, precision 
micro forming and hot medium-pressure forming. The 
numerical control equipment they developed plays a key role in 
the manufacturing of high-reliability, thin-walled parts for Long 
March rockets, and in mass production of automotive safety 
components and precision parts of electronic products.
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SME researchers have worked on 
movement and transfer mechanisms 
of China's Yutu lunar rover.
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ELECTRONICS AND INFORMATION ENGINEERING CONNECTING THE WORLD

ENERGY ENGINEERING FUELLING THE FUTURE 

Originating in 1959 in the Department of Radio Engineering, HIT’s School of 
Electronics and Information Engineering (SEIE) is a leader in research and education 
of communications engineering, electronics and information engineering, remote 
sensing, electromagnetic fi eld and wireless technologies. 

Led by Yongtan Liu, a member of both the Chinese Academy of Sciences and 
the Chinese Academy of Engineering, a radar and signal processing expert, SEIE 
researchers have been exploring marine environmental monitoring and information 
processing technologies for more than 40 years. Their efforts have led to novel marine 
radar capable of detecting targets at very long ranges, under all weather conditions, and 
at all times, allowing for remote ocean surface detection and exploration of vast areas. 
For his contribution, Liu won the State Preeminent Science and Technology Award.

Another SEIE breakthrough is in wireless communications, with a system 
demonstrating excellent manoeuvrability and rapid response capacity for data 
transmission. SEIE researchers have also developed China’s fi rst trunked communication 
system, enabling access by many users via shared spectrum. They are now exploring 
innovative communication systems for space-air-ground integrated networks.

HIT’s School of Energy Science and Engineering (SESE) uses cutting-edge methods 
to meet national strategic needs. It has developed leading expertise in thermal and 
power engineering, fl ight vehicle power engineering, and nuclear reactor engineering. 

At the HIT Plasma Propulsion Lab (HPPL), headed by Daren Yu, SESE researchers 
have been investigating electric propulsion technology, which creates thrust by 
expelling ions. A key breakthrough is a magnetic focusing Hall thruster, which uses a 
specially designed magnetic fi eld to control electron conduction and ion acceleration. 
With enhanced performance, the thruster was used on a satellite, and recently won 
the National Science and Technology Progress Award.

Another SESE team, led by Heping Tan, has developed a solar thermochemical 
reactor that converts sunlight into chemical energy. They have also developed 
numerical methods for radiative transfer, expanding new directions for computational 
thermal radiation. Their integration of thermal radiation with space-based optical 
detection has found uses in aerospace engineering.
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ELECTRICAL ENGINEERING LEADING THE ERA OF ELECTRICAL INTELLIGENCE

With a focus on basic science and engineering applications, HIT’s School of Electrical 
Engineering and Automation (SEEA) addresses national strategic needs in aerospace, 
high-end manufacturing, transportation, and clean energy. 

SEEA is particularly known for its research on electric driving in extreme 
environments. By improving design methods of electrical machines and control 
technologies of drives, SEEA researchers have developed special electrical machine 
systems with high precision, a large speed range, and high resistance to extreme 
environments. The electrical machine systems have been used in manned spacefl ight,  
deep-space, deep-sea, and deep-Earth explorations, high-end computer numerical 
control (CNC) machines, and industrial robots, and have won the second prize of 
China’s State Technological Invention Award. 

SEEA has also supported China’s major infrastructure construction with its research 
and development of high-precision automatic devices, highly reliable electric appliances, 
and advanced electromagnetic control facilities. SEEA will keep working at intelligent 
manufacturing, smart energy and smart city for broad societal benefi ts.
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Magnetic focusing 
Hall thruster 
developed by HPPL

The special electrical machines for 
extreme environments

SEIE's marine environmental 
monitoring technologies allow for 
remote ocean surface detection.
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