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Fig.3 Flowchart of IDM solving process
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Tab.1 Four types of workspace in different configurations
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Tab.2 Variation trend of the workspace projection
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Tab.4 Performance of PSO and EO algorithms
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Fig. 9 Three solutions corresponding to the workspace projection
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Tab. 6 Influence of single error of single branch chain on pose error of mechanism end
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Tab.7 Various structural parameter values of the prototype
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Fig. 12 Three error sensitivity curves of the mechanism under 4 typical motion conditions
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Fig. 13 Three error sensitivity distribution diagram

14 BRI §FEF & E 6-PSS B SR
Fig. 14 Prototype of planar platform type 6-PSS parallel mechanism
with configuration Il

FI1ET 15 Bz BB AR e A, 18R D 75,4
TR 5 mm, [ E THAGSIFG Lo FIAPERS &
FAWR Y 7 v A B TE 2 = 70 mm 2z = 85 mm TAE=
T g - 11 L, B 15 1 5 ARG T A0 o7 B A A
bro P16 18 17 7353 AN ) AR 2 [) g B Db i it
FHPLAMR S S0 A i AL A% R S AR AN AR AL 37 B 3
N IS PAROS S AT R SIS bUR R o)

Tl S AR AR

r: ‘v-\«a
[\

E15 MHERFEREETHFEEL
Fig. 15 Checkerboard calibration board fixed on the moving

platform

X/mm

-50 —-40 -30 ,-20 -10 0 10 20 30

Y/mm
&
=]

Y,

E16 z=70mmIT{EZESEFE LAV SHREREL FLIZRP
MBS
Fig. 16 Position reconstruction of camera and calibration board in

the world coordinate system on the height plane of z = 70 mm

workspace
X/mm
-40 =30 -20. ~10 0 10 20 30
=305 —
—20 8 ’
1a
—10 [/ s
£ ——
E o =S
>~ |E . 2
0t 19 |
20 ’
S | I
L |
il ]
E17 z=8mmITIEZEHEFE LENSHRERELFRLIRRR
M ESE

Fig. 17 Position reconstruction of camera and calibration board in
the world coordinate system on the height plane of z = 85 mm

workspace

P18 T 78 Dy B s AR K0 13 L, ik 1
TS (e BRSNS M S R A A5 A IE A



58 IR S S 2026 4F:
40 - \ tems,2019,3(1):81-87.
HRHARE b e S g v - + e e £
30 o RIHR [2] KB, IR, IREAE . B ELRRUR T K H T AR 2 [ 43 B
20 é & [1]. *PEHUB TR, 2016,27(13) : 1743-1747.
10+ Q@'é Q-@ ZHANG Zhonglei, JIN Zhenlin,ZHANG Jinzhu. Workspace analy-
E ol e QQ. sis of a novel feeding manipulator[J]. China Mechanical Engineer-
= sl £ e ing.2016,27(13):1743-1747. (In Chinese)
D OB .., k e TRV TN - w
ol S (3] Skame, g, OO0, 45 AHE I AR B MM R B 12 4
30k Frgfi )], REssE I E 240, 2011,45(9) : 1263-1268.
_40 L ZHANG lJianzheng, GAO Feng, ZHAO Xianchao, et al. Dynamic
—40 =30 -20-10 0 10 20 30 40 analysis and simulation of a 6-degree of freedom parallel earth-
X/mm quake simulator [J]. Journal of Shanghai Jiao Tong University,
(a) z=70mm 2011,45(9):1263-1268. (In Chinese)
40 i iy -
........... A [4] CAO X T,ZHAO W G,ZHAO H B, et al. 6-PSS precision posi
30F o WEEIRE tioning Stewart platform for the space telescope adjustment mecha-
201 PCRCE o nism [C]//2018 IEEE International Conference on Mechatronics
10 - Z ; and Automation (ICMA). New York:IEEE,2018:487-492.
g 3 y > N I
E ot Y ® [5] ZEWEE, ThNFR, 55,45, 6-PSS{hE RN & TAE=S |4
o] [
-10} 8 & B B HARARLT]. B TT,2016,33(1) :48-54.
-20 + a 5 gﬁ LI Xiaofeng, WANG lJiasen, LU Hui, et al. Workspace analysis and
=30} o optimization of bionic 6-PSS jaw platform[J]. Journal of Machine
—40 S S R R S S Design,2016,33(1):48-54. (In Chinese)
40 30 207100102030 40 [6] ZHU Q G, WANG H R, CHEN Y. Study on the workspace of 6-
K/mm PSS bionic parallel machine horse [ C]//2009 IEEE International
(b) z=85mm Conference on Robotics and Biomimetics (ROBIO). New York:
18 T EEETE LR AR LR EEE 2010. 1463 1466
Fig. 18 Comparison of test and theoretical data on the height plane (7] BOE. B K. 3-PUU IFBENLH T2 A S AR . BUK S
s .o Y LAEZ R IT T = . =
of workspaces
b WK, 2016,44(3): 14-18
5 PRYN ZHAO Yuan, BI Changfei. Workspace analysis and optimization of
Zale 3-PUU parallel manipulator [J]. Machine Tool & Hydraulics,
5 X6 S 1 S 4 B 6-PSS FEEEHLF , IFJE T M A %I 2016,44(3):14-18. (In Chinese)
v N i~ Kb T , o (8] AWML, T, skl 55 . BROCTEEMXT 6-PSS I MLt A T
Vi SRS B R A R . T DI AL
PEZS A SEMA [T ], fLE TR, 2017,38(3): 104-108.
Ao fe YR y =1 =P e e oS
i 1Mﬁﬁ% ‘Hﬁﬂ tt%ﬁ%&%%ﬁi@g?a *’T\‘E Ij\] E/Jﬁ WEI Mingming, FU Weiping, ZHANG Haishan, et al. Influence of
%*ﬁ’_ﬂ s #%tﬂ *E%ﬂ:%ﬁgﬁﬁﬂgk—‘f%/ﬁ\ﬁﬂﬂﬁﬁ ball joint swinging angle on 6-PSS parallel manipulator workspace
o AT RELER. [J]. Packaging Engineering,2017,38(3):104-108. (In Chinese)
(9]  FEikst, W5Ee, BIEEE, 55 . — RN At n] EA IR AL

1) it i IDM 3K fi# T A 25 81945 5 42 Jm) R X5 B 73
Mr, wiE T AT I D fe A 28, H A B ik LA T AR
23 PR 4 Jm 22 07 E A E AR O

2)VLTARZS [ H b ek B0 i 1 AR X L
Bk 1A 00T v 3R AR A M BE L K00 TR A
PUALTE 2 I8 L 3 LR ) e LS5 A 25

3) 7R T ERIGAE R 2 R 25 X0 R S 37 3 ) 2
AU ST T 00 T SRR AR A, I SR B
5, Bk 1 HEARL R LA A R A R

2% ik (References)

[1] HOUFL,LUOM Z,ZHANG Z J. An inverse kinematic analysis
modeling on a 6-PSS compliant parallel platform for optoelectronic

packaging[J]. CES Transactions on Electrical Machines and Sys-

[10]

[12]

BSOS RN ML 55T, 2018,34(6) :47-51.

WANG Rugui, HUANG Muhua, LI Yihao, et al. Study on the
design and application of a novel 6-DOF reconfigurable parallel
mechanism[J]. Machine Design & Research,2018,34(6) : 47-51.

(In Chinese)

FHYERIE , Th 2 s, ThBE, A5 . —Fh =M BB MO PR MLAL 18 327 S T
PEZST ST LT ). HLARA,2019,41(3) :414-424.

TIAN Haibo, MA Hongwei, MA Kun, et al. Kinematics and work-
space analysis of a metamorphic parallel mechanism with three con-
figurations[J]. Robot,2019,41(3):414-424. (In Chinese)

SR, G A L TLEE LSS Stewart fiT AR AU ECHLAR AW TAESS
[ # LI ], HUARBET S 0F9E,2020,36(4) :47-51.

YE Pengda, YOU Jingjing, QIU Xin, et al. Workspace analysis of
Stewart derivative parallel robot[ J]. Machine Design & Research,
2020,36(4):47-51. (In Chinese)

JKAAE . 6-PTRT IR ML ds Nid 32 S50 &R 22047 (D). FEIt .



%5 48 5 3 ]

TR, A5 6-PSSIFHRHLI A BB T 5 25Uk 59

[13]

[14]

[15]

[16]

LT AL TR, 2020:31.

ZHANG Shumei. Analysis of kinematics and pose error for 6-
PTRT parallel robot[ D]. Fushun: Liaoning Petrochemical Univer-
sity,2020:31. (In Chinese)

RIE K. 7S H H IR TR 2E S A AME D], PR PR
2£,2012:39.

SONG Xiaofei. The error analysis and compensation of six degrees
of freedom parallel mechanism [D]. Chongging: Chongqing Uni-
versity,2012:39. (In Chinese)

CH MR AT, 97 . IR 32 5 A SRS R (1]
L2 (120 ,2012,46(8) :1345-1359.

Al Qinglin, ZU Shunjiang, XU Fang. Review of kinematics and
singularity of parallel manipulator[J]. Journal of Zhejiang Univer-
sity (Engineering Science),2012,46(8):1345-1359. (In Chinese)

SIS A OLEE S L TR g N AR A [ DX TR] 8
[J]. e 5 TR, 2021,29(8) : 1847-1856.

YE Pengda, YOU lJingjing, QIU Xin, et al. Interval discretization
method for workspace of parallel robot [J]. Optics and Precision
Engineering,2021,29(8) : 1847-1856. (In Chinese )

WRIE e, BT BRmobk , 55 . SURITFIRHLI IS 324 PR 0BT S 1R
FELT]. AU A4, 2016,47(6) : 340-347.

CHEN Xiulong, JIANG Deyu, CHEN Linlin, et al. Kinematics per-

formance analysis and optimal design of redundant actuation paral-
lel mechanism[J]. Transactions of the Chinese Society for Agricul-
tural Machinery,2016,47(6) :340-347. (In Chinese)

Y5 . Stewart i 31 & W AT U RE AR SE LT ], A
BHE 224 (A ARRE 2R, 1997,25(11) :33-35,

LI Weijia. Study on the condition number of Jacobian matrix of
Stewart platforms[J]. Journal of Huazhong University of Science
and Technology (Natural Science Edition) , 1997,25(11) : 33-35.
(In Chinese)

AT AR A2 . B Rk KL MATLAB X6 [M]. 2
R At Al R, 2018 : 112-114,
BAO Ziyang, YU Jizhou, YANG Shan.
algorithm and its MATLAB example[ M ]. 2nd ed. Beijing: Publish-
ing House of Electronics Industry,2018: 112-114. (In Chinese)
FARAMARZI A, HEIDARINEJAD M, STEPHENS B, et al. Equi-

Intelligent optimization

librium optimizer: a novel optimization algorithm[J]. Knowledge-
Based Systems,2020,191:105190.

I, M, SRR T TS5 TUA T IR B ) 1 22 U 7y
Hrld]. HUBR TR, 2020,56(23) :45-57.

LI Guanming, QU Haibo, GUO Sheng. Sensitivity analysis of a
planar parallel manipulator with kinematic redundancy[J]. Journal

of Mechanical Engineering,2020,56(23) :45-57. (In Chinese)

Configuration design and parameter optimization of 6-PSS parallel mechanism

WANG Qiming XUE Muyu GAO Dawei

FANG Ming GE Yun

(School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: [Objective] Aiming at the lack of systematic research on configuration arrangement and dimensional synthesis

optimization of 6-PSS parallel mechanisms, this study focuses on improving the workspace and dexterity through multi-

configuration comparison and algorithm optimization. [Methods] Firstly, four different configurations were designed, and their

kinematics models were established. Secondly, the reachable workspace was solved using the interval discretization method.

Then, dimensional synthesis optimization was performed with the workspace as the objective function by using the

performance of the particle swarm optimization (PSO) and the equilibrium optimizer (EO) algorithms respectively. Finally,

error sensitivity analysis and physical prototype tests were conducted to verify the proposed model. [Results] The results

indicate that the EO algorithm outperforms the PSO algorithm in terms of optimization efficiency. The optimal structural

parameters determined in this study significantly enhance the comprehensive performance of the mechanism, providing a

foundation for the design of 6-PSS parallel mechanisms.

Key words: 6-PSS parallel mechanism; Structure design; Workspace; Error analysis; Prototype test
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