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Fig.1 Early robots in the world
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Fig.2 A six-axis manipulator
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Fig.3 Flexible manipulator based on rope and deformable structure
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Fig.4 System structure design of rod-driven soft manipulator
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Fig.5 The HPN operator holds a glass of water
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Fig.7 Kresling origami manipulator
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Fig.8 Various basic drive movements and programmable

multi-degree of freedom drives
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Fig.10 Deformation mode of lattice flexible manipulator

Ho FET LUE N 2 2R PREE v BB, ANTE B 23 ) R 748
BOAESE B PRIE T BEAT YIRS 55 o (HZMEUHOE Y IR
AR, 2 5 S USRI 57 , BRI 52 B B IE  5E , AE
B R RSN RTINS , 25 5 5 R IR S R R, M i
A AR, (RS RIRRE TR 22
1.3 NIRBESHME

WIS S MU 2 R WP SRR 5 T, WL
AU I RE A O BE o EL R BB T, SRR LA iR e

FEAR TIVELE , KIS RE S HLAR K PRI A R O i 2 T —
B BA) T 0 K e =S ),

R BRELER Y — ) TR AR H A —E 7
AT BB R K s AL I RET T 0 FL B P R
Bkl o &5 RFRW], AR SO Hh AL A A S5 AR T i 1 2
JFERHR SR AR SRR AL AR B TR A BRI
R K ZE AT 55 o Wh IR ARAE B R it 2R RO 3 5
JEUH TR, B 7 — Tl S P B 1 8 T A M R 4
SEIX BRI AR & R LA A& BT s FAE ST AL 5 A S,
LEPUIN S BT i L LS S A vt D o B
BT o i i AR DGR R, e 7 % P A A
Rtk FHRKIRES 1] Ak S 5 R R RSN , B2 )
B U (02 B BT L , 9 S HAUBRES SRS T AT
PR B 22 B, R RIS A U 1Y e 25805 K i
PRSI C R . BRI, TR TE M s b R IR T, ek
TSR A s SR AT A B

R —

Y et !

.
e :

' R
' 490
'
' PR S 4
. -
'
H
'
'
'
'
: a
:

HE
'
'
'

(b) ’fﬂ%ﬂ&'ff@?%li‘l
KL SRS AL Bt
Fig.11 Design of rigid-flexible coupling two-section manipulator
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Fig.12 Flexible cable-driven rigid—flexible coupling manipulator
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Fig.13  Anthropomorphic flexible manipulator for underwater

operation and exploration driven by water hydraulics
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Fig.14 Finger-type rigid-coupled manipulator
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Fig.15 A rigid—flexible coupled manipulator with redundant

degrees of freedom
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Fig.16 Rope-driven continuous manipulator
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Fig.18 Structure of bionic flight manipulator for rotocraft
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Fig.19 Schematic diagram of flexible space manipulator

passing through the wall panel
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Review on Development and Application of Structure of Manipulator

Wu Qi', Wang Zhigang'?, Yang Yu', Lu Yifei', Liu Gang', Shi Xintong', Bao Panpan’

1. National Key Laboratory of Strength and Structural Integrity, Aircraft Strength Research Institute of China, Xi’ an
710065, China

2. Beihang University, Beijing 100191, China

Abstract: With its unique flexibility, powerful perception ability and outstanding adaptability, manipulators are widely
used in national defense and military fields, such as space exploration, industrial assembly, battlefield explosion
prevention and other dangerous scenarios. The bionic structure design mimics the arrangement of biological
microstructures and the emergency regulation mechanism, which can greatly improve the multi-functional adaptability
of the manipulator structure in the complex service environment, improve the production efficiency, expand the
application field, and promote scientific and technological progress. In this paper, according to the stiffness
characteristics, the manipulator can be divided into three categories: rigid manipulator, rigid-flexible coupling
manipulator and flexible manipulator. The advantages, disadvantages, research status and applications of the three
types of manipulators are described, and the key technologies in the design and manufacture of the manipulators are
described from the perspectives of the motion principle and structure design method, the driving method and control
strategy of the bionic design of the manipulators. Finally, the research status and development trend of lightweight
aerospace manipulator are introduced.

Key Words: manipulator; development status; key technology; bionic structure
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