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Feasibility Analysis of Compliant Joints Instead of Traditional
Joints in Parallel Robot

Li Yuan'? Yu Yueqing'
(1. College of Mechanical Engineering and Applied Elecironics, Beijing University of Technology, Beijing 100124, China
2. College of Coal Engineering, Datong University, Datong 037003, China)

Abstract; A parallel robot with compliant joints was formed by compliant joint substituted for the
traditional joints between the driving rods and the connecting rods in a 3 — RRR planar parallel robot.
Based on the dynamics models of the parallel robot with compliant joints and the traditional-joint parallel
robot, the trajectories of the moving platform and the angles change of driving rods were solved
theoretically and compared with each other, and the results showed that both of theoretical calculation
curves were very close, but there were high-frequency low-amplitude vibrations in the parallel robot with
compliant joints and the maximum relative difference of trajectories of moving platform and of the angles
change of driving rods were 1. 02% and 1. 6% , respectively. At the same time, the maximum driving
torques of both robots were compared, and the result was that the maximum driving torques of the parallel
robot with compliant joints were less than that of the conventional-joint parallel robot. Simultaneously, the
trajectories tracking experiments of the parallel robot with compliant joints and the traditional-joint parallel
robot were made respectively, which were compared with the ideal circular path, the result showed that
the two experimental trajectories changed both basically consistent, but the magnitudes were different.
The two experimental trajectories were compared with each other, and the relative difference was 3. 91% .
The theoretical and experimental studies proved that it was feasible and effective that the traditional joints
were substituted by compliant joints in the parallel robot, which laid foundation for further study of
parallel robot with compliant joints.
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Fig. 1  Sketch map of 3 — RRR rigid planar parallel robot
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Tab.1 Structural parameters of rigid planar
3 — RRR parallel robot
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Fig.2 Planar parallel robot with compliant joints
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Fig.3  Structure diagram of compliant joint
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Tab.2 Structural parameters of parallel robot

with compliant joints
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Fig.4 Structures diagram of parallel robot with

compliant joints
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Fig.5 Desired driving torques of parallel robot with

compliant joints
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Fig.6 Desired driving torques of parallel robot

with traditional joints
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Fig.7 Comparison of theoretical trajectories

5

CE-E =Sy
2 '4‘?5{39‘%4‘13’
ey

g,

WJIW ‘hﬂfuﬂ

i WM

" "’“WMM’MJL’W

FEEAI)

0 ‘2 4
fif 18] /s

K8 HIBE XTI

Fig. 8 Comparison of theoretical angles

Fig.9 Difference curve
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Fig. 10 Angle change of driving rod
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with compliant joints
L BB RIMET RIEBPLEE AL 2. DML (A PMAC) 3./
AEHIAE A FRERAL I E DB AF 5. Optotrak Yl it R4



5 43

N AF o IFBRLAS A T SR 45 A 2 48 5 1 T AT o 347

B3 R A A SO Y I AL &R A
PLA (B 12) AL A4 i 28 G2 MBI e N0 R 456
Forpri 4 2 G 2 i NDI Optotrak = 2k 1 58 48 5
Wo Pl AFEH RGEMM B R G SCHR[19] .

- £ . . &
Bl 12 A SRS /Y 1 IR BRHL s A LAY
Fig. 12 Planar parallel robot with compliant joints

1L iggh34E 2.9 G 3. EVE 4. /MRS

M7 FE 8 Al LA Y, 2 22 5 5% 1 8% v J5E 5
0.3 mm B, TFEGCRREN IR, T RS
BLAS ARG BE |, 75 52 B 52 30 v, 22 5 56 4 48 1vg J5 3 A2 oy
0.5 mm,

M (2) Przs 1932 g L0 3 R AT 5 A R
KT IR HRAL A% NI 585G TF BRAL % N 59 Bk BR 2
SEH, HAR X P 13 R I 5 P R [ A
iz Bl A% ) R B A IR R Gz gl 45 R A 22 1 an 1A 14
Bz ST INER 4 Fros . W 1R iz g4 1)
FRBG 22 A an 18] 15 FiroR .

0.40
LB ESE
e AR
035t T
8 030f
o 7
= f
& ! .
& 025) |
e !
\
0.20
0.15 o
0.35 0.40 0.45 0.50 0155
xf 17 67 4 /m
K13 SCER B XS
Fig. 13 Comparison of experimental trajectories
> RN

e R

72 [A 2 {8 /mm

=5

4
fif 18] /s
B 14 Segm gl R 5 AR A R 2 E i 22 E

Fig. 14  Difference between experimental and desired results

x4 ZHREREEREREE
Tab.4 Differences between experimental and

ideal results

K% /N2 TRz ERAXS
s s gl
P AR {E /mm B/ mm B/ mm 214/ %
B W
3.31 -4.93 -0.96 4.93
FRECHLA A
LRI IR IREIN 3.23 -2.26 0.15 3.23
3
)
1
\é 0 ;l n \
@7 J
1 M f W\( ! M
E m
aal ‘
-3
=i
75 L 1
0 2 4 6
fif 8 /s
B 15 2Z{EHHh £k

Fig. 15 Difference curve

M 13 I 14 "] LI & A 20561 14 9F
R e N A% G855 1 FFBCHIL A8 N 14 910300 B Bk 245
T 55 BRARUIR] JA 3030 R A7 FE B, 3 Y 2 1) 3z Bl i
AR HEA — 2, ROR MR BEA B AN i R 4, B
& 5 UAELG 1 F- 24 22 46 AT, 25 A 3 W S5G 4 1) I 1Bk
HLEF A BT LU BIAR (5 A /s — L, 7 2 22 M
ANEN T mm, f KAHXE 22 (EAE AL 5% 5 i W i b 2
AR R O e RZE(E A I 3.5% .

MIEL LS 57 F2 0 5% 45 1 I BRBIL A% A 1% 48 5
T IFERAIL i AR LR A 1) 22 8 il 4k DL B R S35
iR, W R R A X E A 3.91% , F- 3 22 fE R
= 111 mm, X U W AEFF B &5 A b, 205G 45 A0
FeGE AT HEA A AT A AL

3 &FRiF

£ 3 = RRR P [ JFBR AL A% A A, S8l AT A 3% AT
16 B A 8 5 SR WS AR T A A SRR
B N o BT 5 A RO I LA A
gy 3 27 L R A% B8 5 T 1Y I BR AL 2 N B ) 2
B NHEE XS EE T Wi 1 301 £ Bl Rk s A 4% ff
R BN S R XTR 2290 51 0 1. 02% 1 1. 6% 5
[ B A7 7 B30 R B S B, ML e KA 1) B A X
RN 3.91% o Jd L PRS0 BT 58 A 52 50 BF 5 1Y
ZERULW] AR R IE B2 W 3 — RRR FFEEALAF A
O R RBR A GR WATA, E AR
TR IS B I B ML A B BE— B F AT R 1
S



348 | 1 R A= 2016 4

14

15

16

17

18

19

& % x Wt

HOWELL L L. Compliant mechanism [ M]. New York: John Wiley & Sons, 2001.
R, RN, BB R JFRMIREILE AR TN AL, P TR =4, 2008,44(12) : 12 -23.
YUN Y, XU Q S, Li Y M. Survey on parallel manipulators with micro/nano manipulation technology and applications [ J].
Chinese Journal of Mechanical Engineering, 2008, 44(12) . 12 =23. (in Chinese)
RYU J W, LEE S Q, GWEON D G, et al. Inverse kinematic modeling of a coupled flexure hinge mechanism [ J]. Mechatronics,
1999, 9(6) : 657 —674.
YUJJ, HUY D, BI S S, et al. Kinematics feature analysis of a 3 — DOF compliant mechanism for micro manipulation [ J].
Chinese Journal of Mechanical Engineering, 2004, 17(1) :127 - 131.
YUN Y, LI Y M. Design and Analysis of a novel 6 — DOF redundant actuated parallel robot with compliant hinges for high precision
positioning [ J]. Nonlinear Dynamics, 2010, 61(4) :829 —845.
HAO G B, KONG X W. A 3 —DOF Translational compliant parallel manipulator based on flexure motion [ C] // ASME Proceedings
of IDETC/CIE2009, Volume 7 ; 33rd Mechanisms and Robotics Conference, Parts A and B,2009:1 - 10.
HESSELBACH J, PLITEA N, THOBEN R. Advanced technologies for micro assembly [ J]. The International Society for Optical
Engineering 1998, 3202:178 - 190.
RERDC, O 85, 55 RINCT IR LA A B S SE g (V] R HLMER, 2013, 44(7) . 274 -278.
YUY Q, CUI Z W, ZHAO X, et al. Design and experiment of parallel robot with compliant joints [ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2013, 44(7) . 274 -278. (in Chinese)
RERPC, 25 RS0 55 JRIRAL a8 AT A8 B 2 OC 1 et 5 9238 [J]. AL LA 41 , 2014, 45(5) : 284 -290.
YUY Q, MA L, CULZ W, et al. Design and experiment of open thin-walled flexure joints of parallel robot [ J]. Transactions of
the Chinese Society for Agricultural Machinery, 2014, 45(5) : 284 —290. (in Chinese)
HS L REREK, BBk, R 3RO IS AR 5 H0LB B EOR [T]. Rl WU 4 ,2015, 46(3) :372 - 378.
TIAN H, YU Y Q, LU Q. Motion planning and trajectory tracking of parallel robot with leaf compliant joint [ J]. Transactions of
the Chinese Society for Agricultural Machinery, 2015, 46(3) ;372 —=378. (in Chinese)
YONG Y K, LU T F. Kinetostatic modeling of 3 — RRR compliant micro-motion stages with flexure hinges [ J]. Mechanism and
Machine Theory, 2009,44(6) :1156 - 1175.
YUE Y, GAO F, ZHAO X C, et al. Relationship among input-force, payload, stiffness and displacement of a 3 — DOF
perpendicular parallel micro-manipulator [ J]. Mechanism and Machine Theory, 2010,45(5) : 756 —771.
X2 PR I 3 - DOF 8P i e bl as N it 54047 [ D). dbat . Jb s 3cil K2 ,2008.
LIU Ping’an. Design and synthesis of flexure hinges and 3 — DOF micro-motion planar parallel manipulators[ D]. Beijing: Beijing
Jiaotong University, 2008. (in Chinese)
TIAN Y L, Shirinzadeha B, Zhang D. Design and dynamics of a 3 — DOF flexure-based parallel mechanism for micro/nano
manipulation [ J]. Microelectronic Engineering, 2010, 87(2) : 230 —241.
XU Q S. Design, testing and precision control of a novel long-stroke flexure micro positioning system [ J]. Mechanism and
Machine Theory, 2013,70.209 -224.
LI ARBRIK. ZRISCT I IR ML s A sl ) 2 R SR AT 5 [ 1], R 4R , 2014 ,45(5) 2279 -283.
TIAN H, YU Y Q. Dynamics and control of parallel robot with compliant joints[ J]. Transactions of the Chinese Society for
Agricultural Machinery, 2014 ,45(5) :279 —283. (in Chinese)
LIY, YU Y Q. Dynamic modeling for a high-speed 3 — DOF parallel robot with compliant joints [ C] // International Conference
on Mechanical Design, Manufacture and Automation Engineering (MDMAE 2014) , 2014 224 -229.
BN ARBRIK. RS IR A8 2R [T]. ARl HLB 741k , 2015, 46(7) « 345 -353.
LTY, YU Y Q. Dynamic model of a parallel robot with compliant joints[ J]. Transactions of the Chinese Society for Agricultural
Machinery, 2015, 46(7) : 345 -353. (in Chinese)
WM& SARNETH =8 WIS AW B 5 LRI D], deat dba Tk k% ,2012.
ZHAO X. Structural design and experimental study of a 3 — DOF parallel robot with compliant joints [ D ]. Beijing: Beijing
University of Technology, 2012. (in Chinese)


http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20130747&journal_id=jcsam
http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20140544&journal_id=jcsam
http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20150354&journal_id=jcsam
http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20140543&journal_id=jcsam

