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Abstract: Rigid origami is a very active branch in the field of origami, which can achieve continuous
transformation between two-dimensional and three-dimensional during folding, and there is no strain inside
the panel beyond the crease. So it is suitable for a variety of rigid deployable and foldable mechanism. The
space deployable and foldable mechanism derived from the rigid origami pattern is characterized by high
surface accuracy, large folding ratio, and few degrees of freedom, which can meet the requirements of space
engineering for large scale, lightweight and high-precision space folding and unfolding mechanisms. Aiming at
the future development tendency, an overview of rigid origami geometry and kinematic fundamentals is
provided. The rigid origami typical patterns related to the space folding mechanism are expounded, and the
characteristics of various configurations and related research progress are mainly introduced. According to the
complexity of the crease, the application and research status of rigid origami for space deployable mechanism
is reviewed from different rigid origami patterns. The future development direction and research focus of the

space deployable and foldable mechanism based on rigid origami patterns are foreseen from five aspects,
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including innovative design of configuration, thickness-accommodation design method, dynamic characteristic

analysis method, intelligent design method of mechanism, and microgravity unloading method. This research

provides a reference for the research and application of large space folding mechanism.

Key words: space deployable and foldable mechanism; rigid origami; solid surface antenna; configuration

design; dynamic characteristics
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Fig.15 Screw axis and its position vector™
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Table 2 Application of kinematics method in rigid origami configuration
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Flasher {7 4% N J N/
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(b)) o 20084, “ RUELS "k B 25 fli i (] 16 (c) ) &
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[98]

(a) PUMA rigid solar wing®™ (b) MegaFlex circular solar wing

(c) Phoenix™ (d) Cygnus"*"
16 7 475 K BH 3 S L H

Fig.16 Z-folding solar wing and its application

& 17 %ﬁ%/ﬁﬁzﬁ{ﬂ&?é%@%mﬂ
Fig.17 James Webb deep space lelescopet
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2.1.2 ZHeEM

BT = AT AUHLAL SR AN LR BT LA E
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T 19954t 1 —Ff — 4 K BH fE A B %1 ( 2-dimen-
tional solar array, 2DSA) , # /N ML ¥ 3 1 1 AL 9K 3
B 1] AN ) () R AT 22 5| R I, & 18 7w , i ]
= m A T T E O E R, T
1997 4E#5 #% Space Flyer Unit K47 %06 H 1/4 A9 45
T AT RS BEAT T HAE oK BH BE H 1t B 471 25 4
TERZS T R TAE .

E 18 2-Dimentional & [H BE HA it f4: 51 )

Fig.18 2-dimentional solar array™”

2.1.3 Flasher 47 4 pL#
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e

(a) Schematic diagram and prototype of solid

[33]

surface deployable antenna

(b) De;;ldyment process of deployable solar sail"*
19  Flasher 7 4EHLAA A7 A (1) 25 [l 7 R ML
Fig.19 Spatial folding and unfolding mechanisms derived

from Flasher-origami mechanism

2.2 TR R
2.2.1 7B IrsEIA

Morgan 4736 7 - X 52 97 46 44 th T — 2
3 7, 0 R 20 7% 4 5 T T KSR 4
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RS T TR 2 60 £ 1 B2 I 4 P T RO T A 5 4
T AR 2 A0 7 48, I ELS o 047 5 4 6 T D 7
PR 1y 2 B0, % 0 S FE 97 T AR fh I At L 7k

) Gatorfoam i il j% , I H 38 i 7€ Fr IR &b &8 i jge
2 ORIUE T AL 0 B P L AL R T R K S
B 85% , 5 H o EZ (W sh B 7k P
Jr A L, B R KA L

(a) Schematic diagram of column accordion origami

(b) Scale prototype of origami refuge
20 4% s afe 7

[107]

Fig.20  Origami shelter
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(b) Flve—féld parabolic reflector antenna prototype
K21 ToA R An Y i W e] R AL
Fig.21 Rigid expandable mechanism with a five-fold parab-

oloid surface™
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(a) Rigid foldable heat shield""

[109]

(b) Folding process of parabolic folding mechanism
K22 PATHUR Z 9T IR T AUHLR AT 26 1 23 () 9T SR HLAS
Fig.22 Spatial folding and unfolding mechanisms de-

rived from single vertex multi-fold origami

mechanism
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tor antenna, AORA) B R 7E R IE i S5 4 BE 19 i
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52 ¥y % (Lawrence livermore national laboratory,
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(a) Portable solar
array battery™"”

(b) Modular Miura
folding unit™"

(c) Self-folding active origami reflector antenna''?

(d) Structure diagram and pr

Fresnel lens model™!
23 =T ACHLAT A B9 2 T R ALY
Fig.23 Spatial folding and unfolding mechanisms derived

from Miura-origami mechanism



5 3

FI DR AT, 45 < T ) 25 [ 47 e AILAG) By I P 3y 4R 0 58 BOIR 5 e B2 391

2.2.4  JRBEIFHMA
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[115]

(a) Structural origami array folding process

(b) Two connection modes of annular
water bomb antenna"®

P24 FK AT ARHLAL 435 A= 1Y 23 [H] 3 F AL AL
Fig.24 Spatial folding and unfolding mechanisms derived

from water-elastic origami mechanism
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Wang %" 3 F Yoshimura #T 4EHL K , 16 5 AH
LS I H 2 R 3 A Y TR TR B R B O v L R
TR B R 52 A i R B R T 4R
HIUAR) Jonn B2 Ak 3L, 45 30y 8 5 V9 - T X6 Ak JEE A T 4K

B, 3R T — kT 2 2 (8] a] T ALR Al LA i
A Z I ARHL A 32 Bl 2l g B 1, 49 3 A R /9 H
PRARL . FE T AT R IT AL B LA R S T — b
SRR E ] R IPIRES M £3 G AL Okl it A
SE SCAT IR I 58 2 ORI T AR JRE B2, ) AN [ 114 J T 4
LR $11E o R TR T B R HTTPN
2RIy T K 2 AR W BB, AN AT 25 i 7, R 3 T
Yr R AUAL B i 1 B A AR R B JR A1k

M

A AL
y&&v

(a) Folding process of origami diagram

(b) Folding process of the cylindrical deployable mechanism

(c) Folding process of parabolic deployable mechanism
15125 47 4R 2 1B B s B AL

Fig.25 Origami schematic diagram and principle prototype
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Fig.26 Spatial folding and unfolding mechanisms de-
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