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Editor’s Note: China has always adhered to exploring and utilizing outer space for pe

By ZHAO LEI
zhaolei@chinadaily com.cn

China’s first asteroid sample-re-
turn mission, Tianwen 2, is sched-
uled to be launched in the coming
weeks from the Xichang Satellite
Launch Center in Sichuan province.

The robotic probe has been
undergoing prelaunch functional
checks at the mountainous space-
port since it arrived in late February,
according to the China National
Space Administration.

Mission planners have said that
Tianwen 2, the countrys second
interplanetary expedition, will tar-
get 2016 HO3, the smallest and clos-
est quasi-satellite to Earth.

The basic plan is to use a big carri-
errocket to send a probe comprising
two parts — an orbiter and a reentry
module — toward the asteroid.

After approaching 2016 HO3, the
unmanned spacecraft will orbit the
asteroid for months and then fly
very close to it to use a mechanical
arm to scoop dust from the surface.

Next, Tianwen 2 will fly back to
Earth's orbit and release its reentry
module, which will return to the
ground with the samples. The orbit-
er will then embark on a new jour-
ney toward a main-belt comet called
311P to continue its scientific explo-
ration tasks.

2016 HO3, also known as 469219
Kamo'oalewa, was first spotted in
April 2016 by an asteroid survey tel-
escope at the Haleakala High Alti-
tude Observatory in Hawaii.

The celestial body orbits the sun,
s0 it remains a constant companion
of Earth. It is too distant to be con-
sidered a true satellite of Earth, but
it is the best and most stable exam-
ple to date of a near-Earth compan-
ion, or quasi-satellite. Scientists
believe that it contains clues to the
solar system’s early history, includ-
ing its original composition and the
process of its formation and evolu-
tion.

So far, scientists have identified
about 1 million asteroids in the solar
system, with more than 20,000 trav-
eling near Earth.

Meanwhile, 311P is part of the
main asteroid belt between Mars
and Jupiter. Its physical composi-
tion is like those of comets, but its
orbital characteristics resemble
those of asteroids, according to
astrophysicists.

Studying the comet will help
researchers learn more about the
composition, structure and evolu-
tion of small celestial bodies, thus
leading to more knowledge about
such objects in the solar system,
CNSA officials have explained.

According to mission planners,
the Tianwen 2 will be characterized
by its complexity, challenges and
long duration. The expedition,
which will be the first in which Chi-
naattempts to recover samples from
an asteroid, is expected to last sever-
al years.

Tianwen missions, named after
anancient Chinese poem, cover Chi-
nas interplanetary exploration
endeavors.

Tianwen 1 was launched in July
2020, and it successfully touched
down on Mars in May 2021 The
probe deployed a rover, named Zhu-
rong, to explore the Red Planet.
Zhurong was the sixth rover on
Mars, after five that were deployed
by the United States.

Martian adventure

After the Tianwen 2 mission, Chi-
na plans to launch the Tianwen 3
robotic eraft around 2028, That mis-
sion is expected to bring Martian
soil back to Earth around 2031

Chinese researchers are working
on essential technologies to be
used in the expedition, including
sampling and liftoff devices, on the
Martian surface, according to the
CNSA.

The Tianwen 3 probe will have
four components — a lander, an
ascender, an orbiter and a reentry
module — and will be launched on
two Long March 5 heavy-lift carrier
rockets from the Wenchang Space
Launch Center in Hainan province.

The lander and ascender will take
an Earth-Mars transfer trajectory
and carry out orbital correction
maneuvers before entering Martian
orbit, after which they will attempt
an engine-assisted soft-landing.

‘Meanwhile, the orbiting stack —

exploration. Thursday marks China’s 10th Space Day. China Daily presents a special report on the nation’s achievements in the field.

Still shooting for the stars

More space missions planned, including a manned trip to the moon and one that would bring back samples from Mars
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Students view a model of the Tianwen 1 Mars landing capsule at a science and technology museum in Handan, Hebei province, on April 24,

2024. HAQ QUNYING / FOR CHINA DAILY
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‘Workers at the Beijing Aerospace Control Center monitor the condi-
tion of the Chang'e 6 lander and ascender through a big screen in

the orbiter and reentry module —
will follow the same path to reach
Martian orbit, after which they will
fly around Mars to relay signals and
‘wait for the samples.

Once the samples are collected
and packed into a vacuumed metal
container, the ascender’s engines
will elevate it to orbit to rendezvous
and dock with the reentry module,
transfer the samples and undock.

The orbiting stack will then leave
Martian orbit and return to Earth’s
orbit, where the pair will break up
and the reentry module will conduct
a series of complicated maneuvers
to return to a preset landing site.

Scientists at the Deep Space
Exploration Laboratory in Hefei,
Anhui province, a major research
and engineering body in China’s
interplanetary study community,
have proposed 86 potential landing
sites on the Red Planet, primarily
concentrated in the ancient Chryse
Planitia and Utopia Planitia regions,
‘which encompass diverse geological
environments such asancient coast-
lines, deltas, ancient lakes and can-
von systems, providing favorable
conditions for the origin and preser-
vation of potential ancient life,
according to an article published in
the November edition of the aca-
demic journal National Science
Review.

Yang Yoguang, a senior space
industry observer and chair of the
International Astronautical Federa-
tion’s Space Transportation Com-
mittee, explained that any country
wishing to bring samples back from
Mars will need to overcome many
extremely difficult issues.

For instance, he said, engineers
will need to build and launch a mas-
sive spacecraft, which will be able to
lift off from the Martian surface to
send samples to Martian orbit.

Meanwhile, landing such a big
vessel safely on the Martian surface
would be exceptionally challeng-

Beijing on June 22, 2024. JIN LIWANG / XINHUA

ing, given that landing on Mars is
far more difficult than alunar land-
ing due to the complex atmosphere
surrounding the barren planet,
Yang said.

Even if an ascending craft could
land on Mars and later lift off, he
said there would be a new challenge
— how to guide it to carry out an
accurate rendezvous and docking
with the orbiter flying around the
planet to wait for samples.

Designers will have to figure outa
solution to lead the sample-loaded
ascender to find and connect with
the orbiter without any Earth-based
telemetry support, according to the
expert.

If everything goes according to
plan, the samples could become the
first to be returned to Earth from
Mars. They will help scientists iden-
tify traces of life on the Red Planet,
learn more about the planet’s geolo-
gy and inner structures and under-
stand its atmospheric cycles.

Space officials said China is open
to cooperation with foreign scien-
tists working on the Tianwen 3,
encouraging them to take part in
payload design, and sample and
data analysis.
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Interms of lunar exploration, Chi-
na plans to maintain its lead in the
field of robotic expeditions with two
ambitious missions — Chang'e 7and
8 — before landing Chinese astro-
nauts on the silver sphere.

Chang'e 7, set for launch around
2026, is tasked with exploring the
environment and resources, espe-
cially for traces of water, on the
south pole of the moon.

The Change 7 probe will consist
of an orbiter, a lander, a rover and a
small flying probe designated to fly
into pits on the lunar surface to look
for ice.

‘Wu Weiren, an academician of the
Chinese Academy of Engineering

A photo published by the China National Space Administration on Jan

and chief planner of the nation’s
lunar programs, said: “There are
some deep caves at the lunar south
pole where we believe water might
exist. However, these areas are per-
manently shaded from sunlight — if
exposed to sunlight, the water
would vaporize. Under permanent
shadow, the water is likely to exist in
the form of ice. We want Chang'e 7to
have a flying craft that, after land-
ing, can fly into one or two of these
caves for on-site exploration to see if
‘water can be found.”

Scientists have explained that the
presence of water, in the form of ice,
could significantly reduce the costs
and time required to transport
‘water from Earth to the moon, thus
facilitating the establishment of
human presence and long-term
activities on the moon.

On the other hand, if water can be
found on the moon, it will hold
important clues to determining
whether life exists on the moon and
other planets.

To make the best use of opportu-
nities in the Chang’e 7 mission and
better cooperate with international
partners to explore the moon, the
space administration announced in
November 2022 that it would invite
international payloads on the
Chang’e 7 probe and began solicit-
ing proposals.

Upon ending the solicitation pro-
cess in January 2023, it had received
18 proposals from 11 countries and

1,2022, shows the Tianwen 1 robotic probe's orbiter flying around Mars.
‘The picture is transmitted back to Earth by the probe itself. xmnua

lunar south pole to conduct experi-
ments for the in-situ utilization of
lunar resources.

Components of the two Chang'e
missions will become the basis foran
ambitious multinational project ini-
tiated by China known as the Inter-
national Lunar Research Station.

A number of nations, including
Venezuela, South Africa and Paki-
stan, as well as international organi-
zations such as the Asia-Pacific
Space Cooperation Organization
and the Arab Union for Astronomy
and Space Sciences, have signed up
to participate in the project.

So far, China has conducted six
robotic missions to explore the
moon.

The country deployed two rovers
on the lunar surface during the
Chang'e 3 and 4 missions. It has also
retrieved samples from both the
near and far sides of the moon via
the Chang'e 5 and 6 missions,
becoming the first and only nation
to have achieved such a historic feat.

Manned moon trip

Having gained rich experience
through the robotic missions, China
has been moving progressively
toward its goal of sending astronauts
to the moon around 2030, with all
research and construction work
advancing as planned, according to
the China Manned Space Agency.

The agency said that key compo-
nents of the ambitious project,

international or on:

Based on the proposals’ scientific
objectives and engineering feasibil-
ity, six payloads submitted by six
countries — Egypt, Bahrain, Italy,
Russia, Switzerland and Thailand
— as well as the International
Lunar Observatory Association,
have been selected to be carried on
the Chinese probe.

After the Chang'e 7 mission, Chi-
na aims to launch Chang’e 8 around
2028. Chang’e 8 will also land on the

Tudi: the Long March 10
heavy-lift carrier rocket, the Meng-
zhou manned spacecraft, the Lan-
yue lunar lander, the Wangyu
lunar suit and the Tansuo crew rov-
er, are currently in the preliminary
prototype development phase, and
the design work is proceeding on
schedule.

Meanwhile, construction of new
testing and launch facilities is
underway at the Wenchang Space
Launch Center in Hainan province.

aceful purposes. In recent decades, China’s aerospace development has entered the “fust lane’, seeing remarkable aclievements in terms of space
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Wewant Chang'e 7 to
have a flying craft
that, after landing,
can fly into one or two
of (the deep lunar)
caves for on-site
exploration to see if
water can be found.”

Wu Weiren, academician of the
Chinese Academy of Engineer-
ing and chief planner of the
nation’s lunar programs

The overall design plans have been
finalized for the tracking, telemetry
and command systems, as well as
landing site infrastructure, and con-
struction work is set to begin immi-
nently, according to the agency.

Once the mission is achieved, Chi-
na will become the second nation to
land astronauts on the moon, signif-
icantly boosting its global space
standing.

‘The US successfully conducted six
Apollo crewed missions in the 1960s
and 1970s, bringing 12 Americans to
the silver celestial body.

The country’s road map for its
first manned lunar expedition
involves two Long March 10 launch-
es from the Wenchang spaceport to
transport a Lanyue lunar lander and
a Mengzhou manned spacecraft to
lunar orbit.

After reaching their preset orbital
positions, the Lanyue lander and
‘the Mengzhou vessel will rendez-
vous and dock. Two crew members
will enter the lander, which will
then undock and descend toward
the lunar surface for an engine-as-
sisted soft landing.

On the moon, the astronauts will
drive a Tansuo rover to carry out sci-
entific tasks and collect samples.
Upon completion of their assign-
ments, they will return to the Lan-
yue module, which will fly them
back to their spaceship waiting in
lunar orbit.

In the final stage, the astronauts
will carry samples into the Meng-
zhou spacecraft, which will then
undock and carry the crew back to
Earth.

To prepare for the sophisticated
adventure, China has selected its
fourth group of astronauts, who are
currently training for lunar landing
and surface operations.

Next-generation Beidou

China has planned to establish a
next-generation space-based navi-
gation and positioning system by
2035, according to project manag-
ers.

The new version of the Beidou
system will be “omnipresent, smart-
er and more integrated”, and upon
its completion in 2035, there will be
Beidou service not only on land and
sea, but also in the sky, outer space
and deep within the oceans, said
Yang Changfeng, chief planner of
the Beidou program.

Beidou is China’s largest civilian
satellite system and one of four glob-
al navigation networks, along with
the US' GPS, Russia’s GLONASS and
the European Union’s Galileo.

Since 2000, a total of 64 Beidou
satellites, including the first four
experimental ones, have been lifted
on 47 Long March 3 series rockets
from Xichang.

In July 2020, the system was
declared complete and began pro-
viding full-scale global services.
Currently, there are more than 50
Beidou satellites in active service,
operating in multiple types of
orbits.

According to most recent statis-
tics published by the Global Naviga-
tion Satellite System and Location-
Based Services Association of China,
the total output value of the nation’s
satellite navigation and positioning
services industry reached 536.2 bil-
lion yuan ($73.8 billion) in 2023, up
7.09 percent year-on-year.

By the end of 2023, more than
500,000 Chinese people had worked
at around 14,000 domestic insti-
tutes and companies doing business
related to Beidou and other satellite
navigation and positioning services,
according to the association.
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Tiangong
(China's first space lab and a
jprototype space station, it was
launched in September 2011 by
alLong March 2F rocket at
Jiuguan Satellite Launch Center
in northwestern China. With a
designated life span of two
years, the spacecral was in
service for four and a half years.

Chang'e6is
located at the
top of its
carrier rocket

/

CHANG'E6
PROBE

Designed and built by the China
Academy of Space Technology in
Beljing, the Chang'e 6 robotic
spacecraft consists of four
compaonents = an orbiter, a
lander, an ascender and a
reentry capsule.

CHANG'E 1

The probe's tasks included
obtaining lunar images and
performing scientific surveys. It
was launched on Oct 24, 2007,
In 2008, a map of the entire
lunar surface, based on data
from Chang’e 1, was published.

CHANG'E 2

It was launched on Oct 1, 2010,
to conduct high-definition
imaging of the moon and check
landing conditions for the
Chang’e 3 probe. Change 2is
now on a mission to verify
deep-space technologies.

NED SPACEFLIGHTS ' ]

Ascend vehicle

The ascend vehicle’s functions are
to contain the samples and lift off
from the lunar surface to transfer
the samples to the reentry capsule.

CHANG'E 3

A milestone in the nation’s space
exploration, it was launched from
Xichang on Dec 2, 2013. It was
the first Chinese spacecraft to
soft land on the moon. It
released the country’s first lunar
rover onto the moon's surface.

Long March 2F

First successful flight in
Novernber 1999, it is mainly
used to launch Shenzhou
manned spacecraft.

First successful flight in June
2016, it is mainly used to launch
cargo spaceships into low-Earth
orbit and sateliites into
sun-synchronous orbit.

Tianzhou cargo vessel features a cargo cabin and a
propulsion section. It is 106 meters long and 3.35 meters:
wide. The cargn vehicle has a lift-off weight of 13.5 tons,
and can transport up to 74 tons of supplies to the
Tiangong space station, featuring the biggest carrying
capacity and the highest transport efficiency of its kind in
the world. So far, eight Tianzhou ships have been launched.

OUT OF THIS WORLD

China is celebrating its 10th Space Day, which falls on April 24 each year. The space industry is a critical
element of the overall national strategy and the nation has made historic accomplishments in Earth's orbit and beyond.

Lander

The module lands on the lunar surface
after separating from the orbiter. This
module contains a driller and a
scooping arm device,

Scooping arm device Driller device

-

Chinese flag

The Chang'e-6
probe unfurled
China's national
flag on the far
side of the moan
on June 3 last
yoar

CHANG'E 4

Launched on Dec 8. 2018, it
completed a soft landing on the
far side of the moon. making it
the first expedition in the
history of space exploration to
visit the unexplored lunar

Support cabin
It provides
protection for
the reentry
capsule.

Docking module

Docking
module on the
orbiter =~

Reentry capsule

This device
houses the
lunar samples
for Earth
reentry.

Up to 2 kilograms of stones
and soil were expected to be
collected and packed ina
vacuum-sealed metal
container inside the ascender.

TERRAIN ON THE FAR SIDE
OF THE MOON

km

Comparison of heights
and depths on Earth

Burj Khalifa (the world’s tallest building)
B28m

launched on Nov 24, 2020, and Mariana Trench depth
landed on the moon on Dec1 that
year. The 23-day, landmark mission
carried 1731 grams of lunar rock and
oil to Earth on Dec 17 Chang'e 5 was
'one of China’s most sophisticated and
challenging space endeavors, and
made China the third country to
retrieve materials from the moon
States and the Soviet

CHANG'E 6

It represented the world’s
first attempt to bring
samples from the far side of
the moon, was launched on
May 3. 2024. lts lander

CHANG'E 7
Scheduled 1o be launched

worked for 49 hours on the
far side., using a mechanical
arm and a dnill to collect
surface and underground
materials. The mission
successfully concluded on
June 25 as a total of 1.935.3
grams of samples from the
far side was retrieved

around 2026. the probe is
set to explore the
environment. landform
and resources of the South
Pole of the moon. In
addition to Chinese
science payloads. it will
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Orbiter

orbits the moon and
docks with the ascend
vehicle to begin the
return journey to Earth.

on the moon's
ing the two
missions’ components
s, landers, rovers and
detectors — to work together
to form a prototype of a
robotic scientific outpost. It
will conduct experiments for
the in-situ utilization of lunar
resources.
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