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Design of Bionic Perching Robotic Arm for Rotor Drone

LIU Jiuqing", LIU Fan, ZHU Binhai
(College of Mechanical and Electrical Engineering, Northeast Forestry University, Harbin 150040, China)

Abstract: To meet the requirements of fixed-point monitoring and reconnaissance tasks within forest areas by rotary-wing drones,
a bionic perching robotic arm is designed through the study of birds’ perching processes and the bionic research of legs and feet. The
modular design and kinematics snalysis of the whole machine are carried out. The leg module employs Automatic Dynamic Analysis of
Mechanical Systems (ADAMS) for kinematic trajectory simulation, while the claw module uses the D-H (Denavit-Hartenberg) param-
eter method to obtain the kinematic equation of the toetip. The workspace point cloud distribution of the claw module’s toetip is de-
rived through MATLAB simulation. A prototype is fabricated to establish an experimental system, which is then used to verify the ac-
tivity range of the toe part and the overall perching capability of the machine. This design is simple and easy to control, capable of
completing perching behavior in the laboratory stage.
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Tab. 1 Design specifications

Tt F 44 7% TARSH
Project name Technical parameter
B o
Mode of perching TR
S i
AR ~20~+40 'C
Operating temperature
RTj» R = 2k
. . . FxFExrE (Te2E)200 mmx200 mmx350 mm

Mechanism dimensions

AR |
MBAMRY 7% 400~600 mm F
Perch target dimensions
LT
Total weight <600g
2p 3151 =N
HERE AL 2004

Rotor drone weight
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Fig. 1 Common types of bird foot morphology
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Fig. 2 Claw shape of a cockatiel during grasping and perching
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Fig. 3 Overall assembly drawing of the bionic

perching robotic arm
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Fig. 4 Tendon arrangement in the leg module
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Fig. 6 Interdigital, interjoint angles and tendon arrangement in

the claw module
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Fig. 7 Schematic diagram of the robotic arm’s posture changes

&7 (a)—& 7 () S HUUE 75 H AR b R ig it
PR

StepO : HUAE 45T HAx B0, %07 47, JTGRR
BEE TR HARFTIE B 7o BT HUARE JC AT fof
k.

Stepl: AL 12 7% , VAR BTE 50 5. H bR AT
Hefol, A REHL A B ochE , B AR SRR AT | BRER
PR G TT b 1) A8 AR, B AT U K 5 o TR
P 2|64 S R e o

Step2: 4 BB FRBLHAS 1EPr B 0], AEHLIEFE A A
LR R 2 5, TGRS He e 5 H AR A, 58 LR 7%

K7 (d)— &7 () ZAUBUE e H b b R
R ERE,

Step3 : FEHLIAIL, 3 Jo AL ER4R THTH )

Step4: JiE S IC AAL T, Th 7 A58 fin -1 1 %
PLA B i, R  m 4 &  f UBEAA 5t L TCRR
B BR3P b 1ty 58 288 A Bk 30 ) B IR S Sk 8 O
EE7Y e

Step5 : it 3 JC ABLHFLEE B I AENLSU IR 2

B BT 5200, RRZ 4TI, JICER S B 58 42 B T B,
FIs, 58 Gk €.

7 A=A AU A Sy e 3 A HIL S 2 fd P, i
AR E T A b Ry R AL JE O B2 DR
GV B AL SRR B o B i
(Step0, Step1, Step2) H, ML B I B LRS- &
IRZARAF K AL E O IR A AER 2 H AR B 7,
P FERR IR & G RE TR, M & 4R £ 5
A A2 3l , o 0 TR i R A B T ks
3l U2 R TR SR, ' R (Step3,
Step4, StepS) H, 1 S HEFHIC AMLFL 1, AT LAk B T
BT ATIFRIR B B AL o IR FR 477 28 X JUL e
G ALAE R T MEAL , PRI S A7 8 748 iz 1) 47 8 ffE TG
PR3 58 AT IT , TR B AL Ky H b T
Wi, 5% 4 i B I PR AR AL e 52 A s UBE , S5 15
— R
2.2 MEEMEBRIEEFHE

18 By 2 A 5 43 BT 2 Sk LA 12 Bl 4 Y
BEA, Hh T R AR A Pz S 7 A, DG T S AL R



154 Z I

T %

%40 &

3 J12¢ H 310 F1 (Automatic Dynamic Analysis of Me-
chanical Systems, ADAMS ) iz ) 2% {J5 L %] [iR 3 A5 B
PEFT T

P A LR T e v I e — B PR RS, 3
KA R . 5 A S AU LR 7 s i
FEH, 7E Stepl 52 T J1 5200, Step2 FENLIN A R G4t 4
WK UBE . T Step2 BRFSAC B AR & 1L, PR R
XA S Step 1 #4715 FLIG TE SR AR Pz ShACR .
ST B PSR I 0] R AR AR R FEAT AL, 7R R %
JEHE SIVE RS TG LT AN I EAEHL WU S5 %
7, RO SRR IEAT 07 o R 7 P )l A A B A 1
S Adams FAF AT B F 05 2T

Time B E A 0. 18 s, BRI 112 3 3k 4n 141
8HTR. I8 s T BRERKLHIZ Sl , DA KAz
Fd 6 BN ERILO R EIEL .

B8 RREDEIRIZ B HIT
Fig. 8 Motion trajectory of the leg module
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Fig. 9 Relative displacement curves of upper and lower pulleys
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Fig. 10 D-H coordinate system for a single toe
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Tab. 2 D-H parameters for a single toe link
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Mark number of connecting rod & Hi b
1 9, 0 0 a,
2 9, 0 0 a
3 9, 0 0 o5
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Fig. 11 Simplified diagram of the claw module

in the reference coordinate system
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Tab. 3 Length of phalanges and range of motion of joints

in a single toe
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Name Data

AT S kY 20 mm

Proximal phalanx

P

Distal phalanx 20 mm
I

EJJ:J( 20 mm

Tiptoe

BB 15 -

Paw base-proximal phalangeal joint

B - 105

Proximal phalange-distal phalangeal joint
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Fig. 12 Point cloud distribution of the claw

module’s toetip workspace
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Fig. 13 Experimental system of the bionic perching robotic arm
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Fig. 14 Experiment on flexion/extension motion of the claw module s toes
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Fig. 15 Vertical perching experiment of the robotic arm

RGP B, MU LR Vi 2 B2 5 Step (0, 1,2,
3) B B TR A e v O R AT LS A T A — B, I AR
HLICEAG B, H bR o6 k7%

2) WU (i ki e

FERG SRR, l R TR e ML R
R, AR R EUR AT AN BEHE IR A0 T B
Rt o ATt 0 38 A X R A A B R, D R LK
A BE BT I 2 AR R ORI AT Ay, 58 iR T
AW . AR ANE 16 Fs .

El6 #mEMmFHILE

Fig. 16 Inclined experiment of the robotic arm
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