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Figure 1 (Color online) Composition of Tiangong space station. (a) Tiangong space station assembly; (b) Tianhe core module; (c) Wentian

experimental module; (d) Mengtian experimental module
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Figure 2 (Color online) Big robot arm of Tiangong space station
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Figure 3 (Color online) Vibration test of Tianhe core module
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Figure 4 (Color online) Vacuum thermal test of Tiangong space station. (a) Vacuum thermal test of Tianhe core module; (b) hoist Wentian

experimental module into the KMS8 space environment simulator
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Figure 5 (Color online) Three modules joint test of Tiangong space station

ITRIRCE AT, W] A BARRAR T i 1 TR Y 2R
4t T #2777 (model based system engineering, MBSE)f]
FREFN . R FModelicaZ ST 4 — HAIE 75 L T
o ER S BRI, FEA . IRHREEEER LD
ZFR RGN B, FERRHITBOH T-X5 23 [ 7 %
BOTHATER AT BEE, TRt BB THEP =T
B EIE S = VAN ] Tt 3 S P iR e e
&, PP SCEA S NS Bk, B g —
FE, AT RS, Amssliseit. sl B
% i EANRR RS . ST e =R
FBIHF A T E it filid. SEeUREL
A AT E B A R, S TR T g =4k
BRI 2% Ll AR I AT U Rl et A 2R R e
7t

4  REZMuTEPA S

20214F4 H29H, KAMZ LM TR RE SC B AR 2 it
TG B S ABIL, FRIE K s (B # AT 55 1E S
8. KA ORI ARG SCTF B NI — 4 A 7E S oG s,
ARIGUERAT, X 25 (] 3l o 14 4 OB AR HEA T HE
B, RAEZS R G, B A dE BB, 58

R B [ 3y = AR A A A TE U A i

4.1 (EROCHEBIRYIE

KA ORI ARG, & e R piE T
HEABUE B2 8393 ki [RBLIE, SRIE IR/
BETERNLINIE . HUARE TCTT 5 7E BRI A 22 K FH
BN FBRAEHERINR. 2021455 H29H, KA
SRS W UCR FH6 hiludi s R, XHE TR
DA O O, 5 JF R TR M s R
IGUEAMEEE I . 20214E6 170, #ifH+ 53
N AR FH6 hifedisg 2 i, % T R
O FRRT R, 28 (Bl p AR B R B X
AR bR 2s (), S8R A AR R IR
WE. WA SR AR R TR T
PR IRTE 3h, a0 T IRAN RN, e TP R
4, XF2s (Bl AMLEM R ANE s AR T T FEFLRAIE.
PR S BN R E 3 HIESE S, T20214°9H
16 H 5 KA O/ B R AR M 58 SRR, 9A
17 HZ 4R i, #8+ SfpK b R AE o B8
I Ia) X2 ) SR A A B A AR R B AR AT T 21 58
IE. M SRR G, KT 580E A

4023



M4 %8 B 20225128 £67%5 £ 34H

Bl 6 (MZRUR )R S 2 M AR BE A LU (a) Fefr UMM B il ; (b) LS A B A Ltk

Figure 6 (Color online) Module transposition test of Tiangong space station. (a) Module transposition test with transposition mechanism; (b) module

transposition test with robot arm

TN U i 1) X422 1486 3 i ) o T X5 5.

20214F9 H20H, KRSt —= 54z WA ST
KA MG X2 1, B R R A O TF R TR
H R R G AR, 20214E10H 16 H, #if+ =52
N O R IR AR 1) 28 23 X F SAE5E T R A%
DS EED, MR BATRABEN. FIF. 16
WS Ay, fEAsvh FIERe A, t— I EAs
)3 A ARTEFIRUE.  FFAH T = S UK BT 4T e
TR ARTE S, Fe T HUARE Jke B 2 FfR
EEAMLEETE, B RUE T AP RS ING shi AR
20224F4 16 H, #ift+ =SNG S KA DA 7
R SPB s aR [l e e 43 ] i T

4024

4.2 AR

TERF = SN RR S, W K 25 [k 1E
PUOCHEROR RN L BEAT AT AL, DRI A4t
TEFBL, A SR 2 AR A A TAE.

TEARRIETBE, e A SRR SR AR S R A
CEETIM S X, IR — P MR Gk, R
S ST AL SRR 47 1] 2 S 96 Pl A% Lo AT i Xt 42 1
e =AMEA D, JEIRUE PRSIk, AR RS
MR, AR, KBRS, SRR
I B ESI0E - 7 Al N | Ay [be S R N 3 S 1
A5 RS phy R AAZ OB I 17 X 42 11 0 2= e 5T



(@)

[ SiAA | FSmumnies [ Deg
[ (RBRAA. ] GNCSystem tips [ Deg
[ CMORZEX ] pismenmiiods] [
[ CMGHEIAY | pimmnnon]  m
s e —n

g memo.StoredCapacit) Kb ]
ooy ResiyedCooocti Kb ]

fiE L8
=)

] EEn2hcsbnpen /] |

] [n2hcstnaten ] | degC |

] b2t esbnibin 1] %
77y | —e

B 7 (MR ) KA IR, (a) KA Z ARG AL, (b) KA O =L

Figure 7 (Color online) Digital model of Tianhe core module. (a) Multidisciplinary system simulation model of Tianhe core module; (b) 3D model of

Tianhe core module
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Figure 8 (Color online) Assembly and construction process of Tiangong space station
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China’s Tiangong space station is the world’s third on-orbit assembly multi-module space station. It has appropriate scale
and function conforming to China’s national conditions and prominent Chinese elements. After completion, it will become
China’s space home and national space laboratory.

This paper first introduces the overall scheme and key technologies of the Tiangong space station. The Tiangong space
station comprises three modules: The Tianhe core module and the Wentian and Mengtian experimental modules, which are
in a T-shaped configuration. The Tianhe core module is in the middle, and the Wentian and Mengtian experimental modules
are connected on both sides. The Tiangong space station is equipped with forward, backward, and radial interfaces. The
forward interface is mainly used for docking manned spacecraft and the Xuntian space telescope, the backward interface is
mainly used for docking cargo spacecraft, and the radial interface is mainly used for docking manned spacecraft. On the
basis of the technology in the early stage of China’s manned spaceflight project, the Tiangong space station has made
breakthroughs in key technologies, such as space robot arms, high-efficiency power supply systems, physicochemical
regeneration life-support systems, and on-orbit propellant supplement systems.

The Tiangong space station is China’s first large complex spacecraft launched separately and assembled in orbit. Its
development process has the characteristics of overall planning and multi-line development. The assembly, integration, and
testing of the three modules of the Tiangong space station are mainly conducted in the super large spacecraft AIT center of
the China Academy of Space Technology in Tianjin. The main test projects conducted while developing the Tiangong
space station mainly include mechanical testing, thermal testing, three-module joint testing, and module transposition
testing. Through these test projects, the Tiangong space station design has been comprehensively verified, laying a solid
foundation for the on-orbit assembly and construction of the Tiangong space station.

On April 29, 2021, the Tianhe core module was successfully launched into orbit from the Wenchang space launch center
in Hainan, and the task of constructing China’s Tiangong space station officially started. After the Tianhe core module was
launched into orbit, a 1-year in-orbit key technology verification flight was conducted to verify the key technologies of the
space station construction. After the verification, it was officially transferred to the assembly and construction stage to
complete the in-orbit construction of the Tiangong space station with three modules.

Once constructed, the Tiangong space station will operate in orbit for more than ten years. During this period, various
scientific experiments and technical tests will be continuously conducted using the experiment support facilities inside and
outside the cabin. During the operation of the Tiangong space station, the Xuntian space telescope will be launched to fly in
common orbit with the space station, and the space telescope will be provided with on-orbit services such as propellant
replenishment, maintenance, and repair through the space station. In the future, more spacecraft may fly in common orbit
with the Tiangong space station to receive on-orbit services. The current T-shaped three-module assembly configuration of
the Tiangong space station has a good capacity for module expansion and application support expansion. It has the
expansion capacity of docking three new modules to form a six-module assembly of approximately 180 tons.

Tiangong space station, system scheme, development test, assembly and construction, development prospect
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