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Preface

Chind Manned Space Program was launched in 1992, and'is one of the National Science and Technology
Major Programs to realize the great rejuvenation of the Chinese nation, bearing the China Dream, the
Space Dream.

Following the Three-step Strategy, China Manned Space Program has launched manned spaceships,
mastered the technology of extravehicular activities as well as space rendezvous and dockin-g, launched
the space laboratory, settled space utilization of a certain scale with man-tending on short-term basis.
Tiangong-Il space laboratory marks the consummate completion. of the second step.

Tiangong-Il space laboratory has scientific research, utilization and technology testing as primary goals.
Various disciplines are covered, such as fundamental physics, astronomy, life science, space material
science, etc. The astronauts will take part in these experiments in-orbit. The experience and knowledge
gained on Tiangong-II will be key. guidance for the space- utilization on the.Chinese Space Station in the
near future.

Tiangong-ll accommodates more than fifty scientific instruments to conduct more than ten projects in-orbit,
exploring the frontier of science and technology. The first space cold atomic clock in the world increases
the autonomous punctual accuracy of spacecraft by two orders of magnitude. Gamma-ray burst
polarimetry, in cooperation with the European Space Agency, will make breakthrough discoveries in
revealing the nature of gamma-ray bursts, as well as the origin and evolution of the universe. Space life
science experiments studies the laws of higher plants growth and development in space environment.
" The quantum key distribution experiment consolidates China’s leading position in advanced quantum
manipulation science. In addition, a number of scientific and utilization projects would be carried out,
such as multi-angle polarization and wide band spectral imaging, multiband limb UV spectral imaging, -
interferometric imaging radar altimetry, precise orbit determination, thermocapillary convectlon multlple
materials experiment, space environment monutorlng and co comitant satelllte

) f Designer of China Manned £
e#lr nder and Chief Designer of
i atlon system in China Manned Space Program Academman Gu Yidong, put ]‘qrward val:_xable_.

- _,-_,-_.___E:Mene'rMIégy and Engineering Center
- — ... for Space Utilization; Chinese Academy of Sciences
Chief Commander of Utilization System of China Manned

Space Program
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stars’ light, and red emission nebula formed by
ionized hydrogen. Next to the galactic center

[, = .. s Galactic Center
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: ¢ ‘The brightést and dénsest region in the Milky
- Way, populated with star clusters, nebulae and
dispersed with interstellar dust. 1
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Xinglong Observatory, National Astronomical Observato-
ries, Chinese Academy of Sciences. v

Around the Scorpio Antares, there is a colorful
region with yellow, blue dust clouds reflecting .

and rich of color, this region is known as starry -
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On 15" October, 2003, Shenzhou-V with Chinese
astronaut Yang Liwei aboard launched from Jiuquan
satellite launch center at 9:00 (GMT+08:00). After
hours in space, he safely landed in Inner Mongoli

6:23 on 16" October. With this feat, China b
the third nation in the world to master the

& I 'iEII' technology, aftber Russia and

™
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Tao Chengdao, a Ming Dynasty official,
tried to take off with rockets and kites. He
is the first human who attempted to explore
space by rockets, losing his life in this brave
endeavor. o
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-1; Sh.enz-hou VII manned spaceship launched ;
; S'eptember,_ZOO&:ﬁt 21:10 (GMT+08:00),

. arrying three crew’ meTnbers, astronauts Zhai
Zhigang, Liu Boming and Jing Haipeng.

On 27" September, at 16:30, Zhai Zhigang
stepped out of the Shenzhou-VII and performed a

22 minutes extravehicular activity (EVA) in outer
space. This was the first EVA of China.
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In Beijing Aerospace Control Center, experts are preparing
the final launch sequence.
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The launch tower of the Longmarch-2F
is about 100 meters high, and supports
the testing of both the spacecraft and the
rocket.

The launch tower allows testing the as-
sembly of the spacecraft and the rocket,
rocket fuelling, astronaut boarding, rock-
et igniting, astronaut rescuing in case of
emergency and other functions.

BRAS

Jiuquan Satellite Launch Center
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The Longmarch-2F is the launch vehicle of
Tiangong-1l and it is designed to meet the
demands of manned spacecraft. The Long-
march-2F was the most powerfull rocket of
China, and has successfully launched many
spacecraft into orbit, such as the Shenzhou
spaceship series.
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Tiangong-I is'a manned space vehicle equipped with novel utilization systems:
It is the most sophisticated. utilization mission of China Manned Space Pro-
gram. Modularized design was adopted in Tiangong-Il, allowing the rapid repair

and on-orbit replacement, which is a pioneering technology in China space pro-
gram.
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The Tiangong-Il space laboratory will serve in low earth orbit for
more than two years. Various-space experiments will be conduct-
ed, and the rendezvous and docking technology will be further
verified..It provides a solution for space utilization of a certain

scale with man-tending on short-term basls, which fﬁf\ key stage
prior to the construction of the future Chinese Space Station.
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With two astronauts aboard, Shenzhou-Xl| launched and

docked at Tiangong-Il. Astronauts then entered the space lab-
oratory to live and work onboard Tiangong-II for several weeks.
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Rendezvous is the process of two spacecraft getting close
to each other on the rendezvous orbit. Docking refers to the
process of completing a mutual coupling and rigid sealing be-
tween two spacecraft.

Rendezvous and docking are key space technologies neces-
sary for spacecraft assembly, supply, maintenance, exchange
of astronauts and other services in orbit.
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On 3™ November, 2011, Shenzhou-VIIl rendezvoused
and docked successfully with Tiangong-I. It was the
first automatic rendezvous and docking in China.

On 18" June, 2012, Chinese astronaut Liu Wang
operated manually the rendezvous and docking of
Shenzhou-IX and Tiangong-I.

China mastered its own space rendezvous and
docking technology with the complete successes of
these two missions.
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Tiangong-ll with Scientific Experiment Devices
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Experiment chamber of thermocapillary
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Space Cold Atom Clock
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The space cold atom clock in Tiangong-Il will perform a pi-
oneering timing experiment with cold atoms in space. The
frequency stability will reach a 107 level in space, increasing
the autonomous punctual accuracy of spacecraft by two
orders of magnitude. This research lays a solid foundation to
apply highly performing time-frequency bases in space sci-
ences and technologies, deep space missions, verification of
general relativity, navigation systems, and measurements of
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ology employs the interaction
wer down the atomic activity,
absolute zero degree. When
into microwave field in space
e interaction between atoms
h longer. This phenomenon

y of atomic clocks, allowing
jon.
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Main part of the space
cold atom clock
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Project team: Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Sciences
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Quantum communication is a new means of information
transmission by utilizing Quantum No-Cloning Theorem.
Quantum communication ensures unconditional security
of the key distribution, which can solve the fundamental . .

problem in information security. ' . 1 E = o :
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In this experiment
earth quantum ke
comes true, which \
decoded nor interce
while, it lays a solid
wide-area security comm
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- b 2




28 HWXE

B IRBE M 3K
Acquisition-Tracking-Pointing Test (ATP)
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Quantum is indivisible in the microscopic world. As a medium of
information, a single photon is indivisible and cannot be copied,
reproduced or cloned. Key distribution can resist any form of inter-
ception, ensuring that encrypted data cannot be deciphered. This
means that communication can be made unconditionally secure
by nature.

The fiber quantum communication network, Beijing-Shanghai
route, is under construction, which will be the world’s longest con-
fidential communication system.
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Space Payload of the Space-to-Earth Quantum Key Distribution Experiment
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Project team: University of Science and Technology of

ina and Shanghai Institute of Technical Physics of the
eeeeeee
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Ground Segment of the Space-to-Earth Quantum Key Distribution Experiment
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Concomitant satellite in ground-based Deploy device of concomitant satellite
experiment
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Concomitant Satellite =
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d ~ Tiangong-Il carries and deploys a small*satellite in
orbit. Technologies such as small satellite in-orbit
deployment and concomitant flying will be further
. verified. .
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Tiangong-ll in the “Eye” of Concomitant Satellite
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With features of small, lightweight and flexible, concomitant sat-
ellites can be directly deployed by the mother spacecraft to save
launch costs.

As part of the space laboratory, concomitant satellite flies with
Tiangong-lI closely in real-time after deployment, and takes close-
up pictures of the spacelab.

Concomitant satellite can conduct real-time monitoring of Tian-
gong-ll. Acting as an auxiliary of Tiangong-Il, concomitant satellite
can support astronauts’ extravehicular activity and spacecraft ren-
dezvous and docking processes.

/
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Main part of .the multi-angle polarization
and wide band spectral imager




. ZREREIREREGIN
. Multi-angle Polarization and Wide Band
_Spectral Imager #
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The multi-angle polarization and wide band spectral imager can get image

of the oceans, the atmosphere and land in wide spectrum. It can be used to

detect cirrus clouds, aerosols, cloud-tops and other environmental factors,

and support environmental surveillance, agriculture, forestry, global climate

change and soon. * .
.
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Multi-angle Polarization and Wide Band
Spectral Imager

ARHI AP P EF B LR RIS A
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Project team: Team of Multi-angle Polarization and Wide
Band Spectral Imager, Shanghai Institute of Technical
Physics of the Chinese Academy of Sciences
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A gamma-ray burst is generated when a massive
star finishes'its life to form a neutron star, a strange
quark star or a black hole. It can also be generated
when two black holes, or two neutron stars, or a
black hole and a neutron star merge together, along
~ with a gravitational wave burst. Gamma-ray bursts
are the most dramatic and energetic phenomena af-
ter the Big Bang of the universe.
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Gamma-ray burst polarization
detector
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European Synchrotron Radiation
Facility (ESRF) bracketing experiment
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Gamma-Ray Burst Polarimeter
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Jointly developed by scientists from China and Europe, the po-
larimeter applies Compton Scattering Effect to measure the de-
gree of polarization of gamma-rays with the world’s best sensi-
tivity. In Tiangong-II, the in-orbit observations and polarimetry
of the transients and outbursts of the gamma-ray bursts open
a new window for polarized gamma-ray astronomy. The model
of gamma-ray bursts will be studied in Tiangong-Il space lab-
oratory, which will make an important contribution in revealing
the nature of gamma-ray bursts, the origin and evolution of the
universe.
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Gamma-Ray Burst Polarization Detector
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Project team: Joint Project Team of Gamma-ray Burst Polarimeter

involving Institute of High Energy Physics, Chinese Academy of Sci-

ences and University of Geneva, Switzerland
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Single Detect-Unit of the Gamma-Ray
Burst Polarization Detector
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Ground-based calibration of forward Ultra-Violet
limb imaging spectrometer .
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Using UV imaging and spectral detection of the limb atmosphere,
the global data about the three dimension distribution of aerosols
and other micro-constituents, atmosphere density and distributio
can be acquired. The observational data can be used to study the
interaction of atmosphere processes, the correlation between so
lar activities and earth climate, as well as the atmospheric rem
sensing of ozone and aerosols. |
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Imaging Field of the Multiband Limb Imaging Ultra-Violet
Spectrometer System
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A large field of view (LFOV) is adopted in this Itl.band li

imaging UV spectrometer system to detect the global i
atmospheric radiometric properties of the ring U
forward UV limb at the same time. Furthermo d
limb imaging UV spectrometer system perfo rum
detection to explore the forward limb eatures of
multi-spectrum such as UV, fared, etc. Chi-
na’s UV atmospheri further im-
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Ring Ultra-Violet Limb Imager System
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Forward Ultra-Violet Limb Imaging Spectrometer
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Project team: Division of Ultra-Violet Spectrum and Imaging Technology, Changchun Institute
of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences
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The interferometric imaging radar altimeter is the world’s first three di-
mension wide-swath imaging radar altimeter. Working day and night,
in all weather conditions, and with a wide swath, it measures the
height of the sea surface and the significant wave, the speed of the
sea surface wind, the topography of the ocean surface, as well as the
direction of ocean wave spectrum, etc. At the same time, it can also
acquire the land topography. The observational data is crucial for the
studies of the global climate and environmental changes.
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Antenna of interferometric
imaging radar altimeter
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The precise orbit determination system provides precise orbit characteristics
and timing information with high accuracy. The orbit precision is in the order
of centimeters and the information is used by several experiments onboard
Tiangong-Il, particular by the interferometric imaging radar altimeter.

The multidisciplinary use of this system is to determine orbits of large-scale
spacecraft in low Earth orbits precisely, which is an important milestone in
space research.
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Project team: Technology and Engineering Center for Space Utilization, Chinese Academy of Sciences;
Beijing Research Instltute of Telemetry, Shanghai Astronomlcal Observatory, Chinese .Academy of Sci-
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Experiment Chamber of Thermocapillary Convection
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Project team: National Microgravity Laboratory of Institute of Mechanics,
Chinese Academy of Sciences
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1e existence and evolution of liv-
the presence and response
1e nature of life that
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Plant Growth Chamber
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Project team: Institute of Plant Physiology and Ecology, Shanghai Institutes for Bio-
logical Sciences, Chinese Academy of Sciences and Shanghai Institute of Technical
Physics, Chinese Academy of Sciences
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Space Environment Monitor :

FEMERNVAF LS BN SEEHEAFRINMER SR
NEWN, ATEREIR. MRF[BIOMKRRNLZERERMS
JEESERT M AR

The space environment monitor system aims to measure the high
energy particle radiation environment, the orbit atmosphere envi-
ronment and their effects. The system can provide quasi real-time

monitoring data to forecast the space environment and to ensure
the safety of the spacecraft and its astronauts.
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Orbit atmosphere detector Charged particle radiation detector
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The two detectors of the space environ

M

ent monitor syste
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particle radiation detector and the orbit atmosphere detector, onboard

gong-ll are designed to measure the directional differe

al_particle intensity

and energy spectrum dlstrlbutlon with & panoramic field of view; 'as_\ALel_I_a__s_____

the variation of the spatlal and temporal dlstrlbutlons of the atmosphe =

sity and composition. The pollution effepts caused by atorhic oxygen and

other factors of the space environment can also be mgasured o) the space

enwronment monitor system.



MEXSIFIRFRA=R

Orbit Atmosphere Detector
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Charged Particle Radiation Detector
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Project team: National Space Science Center, Chinese Academy of Sciences
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After working and living in Tiangong-Il for about one month, the
two astronauts bring experiment samples back to ground by

Shenzhou-XI.
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Shenzhou-XI is composed of an orbital module,
a returning capsule and a propulsion module. The
propulsion module is of cylindrical shape with the
engine and propellant, providing power for attitude
adjustment and braking deceleration.
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Located in the.dedle of the spaceship,
the returning capsule has a door in the up:
per part connected to the orbital module,
which is the access for astronauts to the
orbital module.
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The orbital module locates in front of the return capsule with
a cylindrical shape. The front end is equipped with doors and
docking devices which can act as a buffer segment for docking.
After the return of the returning capsule, the orbital module will
stay in space for some time followed by a destructive reentry into
the atmosphere.
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Chinese Space Station will be built around 2020, and will support larger

scale space utilization with man-tending ona long-term basis.

China Manned Space Program will keep flying towards higher and further
goals.
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One of the seventeen watchtowers built in
Ming Dynasty is at the west of Yanhecheng
Mentougou, Beijing. The bright Constellation
Orion of the Northern hemisphere in winter
can be watched here. Except seven bright
starts, Nebula, Barnard’s Loop, Rosette Neb-
ula and some well-known ionized hydrogen
regions could also be watched clearly in this
area.
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Image courtesy of astrophotographer Wang Zhuoxiao
from Xinglong Observatory, National Astronomical
Observatories,"Chinese Academy of Sciences.
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