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Abstract: A 3-DOF parallel 3—PRS mechanism, which could realize one translational and two rotational
motions as well as support secondary mirror used in laser beam focusing, was proposed. According to the
analysis of motion mode, traditional Euler angle for describing the motion of moving platform was adopted,
and based on that, kinematic model of a 3—DOF mini mechanism was built to analyze its inverse kinematics
performance. The inverse dynamics modeling with principle of virtual work was derived by introducing a
mass distribution factor of link legs. Based upon the established model, two control systems were
implemented on the mini 3—PRS parallel manipulator. Then, control accuracy of the robot was obtained by
combining ADAMS/Control with MATLAB/Simulink. Moreover, the quality of laser speckle was evaluated
by applying the mini 3—PRS robots into an actual optical system. The derived results prove that a mini 3—
DOF mechanism can fulfill the design requirements of the structure for supporting secondary mirror.
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Fig.1 Schematic representation of mini 3—PRS mechanism
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Fig.12 Far-field focusing spot
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control strategies

Controller SR PIB
Ideal situation 1 0.997 2
CTC 0.920 4 0.991 8
PBC 0.979 1 0.995 7

M2 BOHE AT LU D PBC 5 1 5 s 78 B8 4B 1
B L AL F CTC #4656 m%, {H CTC ¥ il 36 mg 4K 1H
BEIUAS — A FL B B AR RS, MWIMESE T RS A0 Al
7

B

o

M

5 e

B

S 454 ADAMS fif 5 A, FIJH MATLAB 4%
T HMNBEE E4r#r T /B 3-PRS Jf B HLFY S 3 £
I HHER f R AR 0 T B L S R T R ML A B 1A
IR S S T B s R or i, JF A
UE T A HURE s LU B 5 45 SRS T LA B £

Az s Bl 5 B U, R ) R B Gl A g A AT R
MR F L H#E S T /N 3—PRS 3 Bl 7 24 45 Ry
PRI, R R BE & 05 B 45 1 T MILAG A 9 b 42 i OR m
X AT B SRR AILAR BN T S PR O 3 4k
RGN T ARG 50T R, 538 T /b
A 3—PRS JfHKHLAG 1 R 30O 3R R IR B A Y
W REHFAR,

(1) ALt Jrm, R R A R R G,
BUAS B 5T 2 BRI A (3K 3l g 47 2 R AT 8 )
TS5 A B AT TR T R BOAH B 4 R FR AL LA G i
RGBT — A (GEMFERK), XERIIZ
HILAL) 22 75 0 X 75 (8

(2) ) JH R Dy it 2 3 N7 067 b 3 g 2= ARl i
PR YUAA 75 8 B A L IE 8 T 4T

(3) il 3 iz 3h o KBl 7 45 R R AE 5 LA &
MUK 7E 52 B Ot 2% 2 40w X BE = A0 52 i 45 SR R
W ALA RE A 18 B TR BT 2R,

0918003-8



o oh ok AR

2 www.irla.cn

% 45 A

(4) /NS 3—PRS HLH AN & Z 47T, Z Rz

3N WA B SR 2 BT G A R R, KR
T BETOR BE EOR R

&30k

(1]

(2]

(31

(4]

(5]

(ol

(71

(8]

Dumlu A, Erenturk K. Trajectory tracking control for a 3—
DOF parallel manipulator using fractional-order control [J].
Industrial Electronics, IEEE Transactions on, 2014, 61(7):
3417-3426.

Li H, Luo J, Huang C, et al. Design and control of 3—-DoF
spherical parallel mechanism robot eyes inspired by the
binocular vestibule-ocular reflex[J]. Journal of Intelligent &
Robotic Systems, 2015, 78(3-4): 425-441.

Wu G, Caro S, Bai S, et al. Dynamic modeling and design
optimization of a 3 —-DOF spherical parallel manipulator [J].
Robotics & Autonomous Systems, 2014, 62(10): 1377-1386.
Huang Peng, Wang Liping, Guan Liwen, et al. Kinematic
performance and accuracy analysis of new type 3 —DOF
parallel mechanism [J]. Chinese Journal of Mechanical
Engineering, 2010, 46(15): 1-7. (in Chinese)

G, E oV, RS, AFL BT AL 3 [ il BRI AL B Bl
fiE BORT B 23 B (7], HLAR TR 2241, 2010, 46(15): 1-7.

Lee K—-M, Arjunan S. A three degree of freedom micro—
motion in —parallel actuated manipulator [C]//Robotics and
Automation, Proceedings, IEEE International Conference on,
1989: 1698-1703.

Carretero J A, Nahon M, Buckham B, et al. Kinematic
analysis of a three —DoF parallel mechanism for telescope
applications [C]//Proc ASME Design Engineering Technical
Conf, 1997.

Singh Y, Vinoth V, Kiran Y R, et al. Inverse dynamics and
control of a 3 —-DOF planar parallel (U —shaped 3 —PPR)
manipulator  [J].  Robotics and  Computer-Integrated
Manufacturing, 2015, 34: 164—179.

Li Y, Xu Q. Dynamic modeling and robust control of a 3—

PRC translational parallel kinematic machine [J]. Robotics

and Computer - Integrated Manufacturing , 2009, 25 (3):

[9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

0918003-9

630-640.

Tsai M S, Yuan W H. Inverse dynamics analysis for a 3—
PRS parallel mechanism based on a special decomposition of
the reaction forces[J]. Mechanism & Machine Theory, 2010,
45: 1491-1508.

Li Y, Xu Q. Kinematic analysis of a 3 —PRS parallel
manipulator  [J]. Robotics &  Computer Integrated
Manufacturing, 2007, 23(4): 395-408.

Lee K—-M, Arjunan S. A three degree of freedom micro-
motion in-parallel actuated manipulator [C]//Robotics and
Automation, Proceedings, IEEE International Conference on,
1989, 3(5): 1698-1703.

Carretero J A, Nahon M, Podhorodeski R P. Workspace
analysis of a 3 —DOF parallel mechanism [C]//Intelligent
Robots and Systems, Proceedings, IEEE/RSJ International
Conference on, 1998: 1021-1026.

Spong W M, Vidyasagar M. Robot dynamics and control[J].
Control in Robotics and Automation: Sensor, 1989, 43: 88—
89.

Sciavicco L, Siciliano B. Modeling and control of robot
manipulators [J]. McGraw-Hill Series in Electrical and
Computer Engineering, 1995, 21(1): 99-100.

Liu Y, Li Y. Dynamic modeling and adaptive neural-fuzzy
control for nonholonomic mobile manipulators moving on a
slope [J]. International Journal of Control Automation and
System, 2006, 4(2): 197-203.

Yao B, Xu L. Output feedback adaptive robust control of
uncertain linear systems with disturbances [J]. Journal of
Dynamic Systems, Measurement, and Control, 2006, 128
(4): 938-945.

G. Continuous state feedback

Corless M, Leitmann

guaranteeing uniform. ultimate boundedness for uncertain
dynamic systems [J]. Automatic Control, IEEE Transactions
on, 1981, 26(5): 1139-1144.

Liu L, Jiang Z, Wang T, et al. The inverse transformation of
angular spectrum propagation algorithm and its application to
phase retrieval [J]. Journal of Modern Optics, 2014, 62(5):

369-376.



